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difficult mission © 
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© NASA 


ost of us aren't old enough 
to remember the day the 
first astronaut set foot on 
= the Moon, though this human 
4 achievement has become the stuff 
of legend for us all. In over 50 years 
of space missions since, nothing has captured the 
zeitgeist in the same way that Armstrong and Aldrin’s 
moonwalk did. It’s quite something to think that in 
2024, astronauts could return to the lunar surface, this 
time paving the way for a possible mission to Mars and 
breaking new ground with the first woman on the 
Moon. This issue we've explored the Artemis program’s 
goals, its impressive new technology 
and we've spoken to a NASA 
astronaut about what it’s like to 
beso far from Earth. Enjoy! 
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Back to the Moon 
if ® How It Works explores the 
I technology and training behind 
NASA's plan to put boots back on 
the Moon in 2024 
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When it sees a familiar picture, it overlays the augmented- 
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SMARTPHONE 
FORENSICS 


This may look like the result of a children’s 
arts and crafts project, but what you’re looking 
at is a bacterial culture from the surface of a 
smartphone. Zooming in using a coloured scanning 
electron micrograph (SEM), this image shows the 
variety of bacteria living on your phone. From E.coli and 
MRSA to harmless staphylococcus, studies have found a 
hive of organisms that call our phones home. A 2017 
experiment found a median of 17,032 bacterial gene 
copies from 2/7 phones. Warmth is vital for bacteria 
to grow, and thanks to our social obsession with 
our phones - on average touching our phones 
2,617 times every day - bacteria on our 
phones stay at the perfect 
temperature to grow. 
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RAINBOW 
MOUNTAINS 
Looking like they’ve been plucked from the 
pages of a Dr Seuss book, these multicoloured 
mountains are far from fiction, found in China’s 


Zhangye Danxia National Park 
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discover 


new organ 
in the throat 


WAVKo) cose ola) (=) ©) at= 1a] (=8 aes] °) ete ls 


cientists have discovered a new organ, a set 

of salivary glands set deep in the upper part 

of the throat. This nasopharynx region, 
behind the nose, was not thought to host anything 
but microscopic, diffuse salivary glands, but the 
newly discovered set are about 3.9 centimetres in 
length on average. Because of their location over a 
piece of cartilage called the torus tubarius, the 
discoverers of these new glands have dubbed them 
the tubarial salivary glands. The glands probably 
lubricate and moisten the upper throat behind the 
nose and mouth. 

The discovery was accidental. Researchers at the 
Netherlands Cancer Institute were using a 
combination of CT scans and positron emission 
tomography (PET) scans called PSMA PET-CT to 
study prostate cancer. In PSMA PET-CT scanning, 
doctors inject a radioactive ‘tracer’ into the patient. 
This tracer binds well to the protein PSMA, which 
is elevated in prostate cancer cells. Clinical trials 
have found that PSMA PET-CT scanning is better 
than conventional imaging at detecting 
metastasised prostate cancer. 

PSMA PET-CT scanning also happens to be very 
good at detecting salivary gland tissue, which is 
also high in PSMA. Until now there were three 
major pairs of salivary glands in humans, which 
are found under the tongue, under the jaw and at 
the back of the jaw, behind the cheek. Beyond 
those, perhaps 1,000 microscopic salivary glands 
are scattered throughout the mucosal tissue of the 
idodacorcsim-belomrslevidemm\\(=mel-vercbelelme@rsDelasy as hetsjelanin= 
radiation oncologist Wouter Vogel said. “Imagine 
our surprise when we found these,” Vogel said. 

To confirm the discovery, Vogel and his 
colleagues imaged 100 patients and found that all 
of them had the newly discovered glands. They also 
dissected that nasopharynx region from two 
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rors Votshiccvacmaaeyisers! / 
human body 
donation 
program and j 
found that the ' 
newfound 
region 
consisted of 
mucosal gland \ f 
tissue and ducts 
draining into the 
nasopharynx. 

The discovery 
could be important 
for cancer treatment. 
Doctors using 
eclebtciateyemeyemsels 
head and neck to 
treat cancer try to 
avoid irradiating the . 
salivary glands, Vogel 
said, because damage to 
these glands can impact 
quality of life. “Patients may have 
trouble eating, swallowing or speaking, 
which can be a real burden,” he said. 

js julmorererc Lo tcremoloKey stem ceatsaiiacloreleimeatsmmelessvetse 
salivary glands, no one tried to avoid radiation in 
that region. The researchers examined records 
from more than 700 cancer patients treated at the 
University Medical Center Groningen and found 
that the more radiation the patients had received in 
the area of the unknown glands, the more side 
effects they reported from their treatment. The new 
discovery could thus translate to fewer side effects 
for cancer patients. “Our next step is to find out how 
we can best spare these new glands and in which 
patients,” Vogel said. 
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the European Southern Observatory in-Chile’s 
| «Atacama Desert, which was instrumental in 
| watching the spaghettification event © __ eit. 
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> , Black hole turns a star 
into spaghetti 


Words by Rafi Letzter 





black hole in a galaxy not far from Earth closest they've ever gotten. Wide-view 
Ae gobbled up astar like it was a big, telescopes spotted a flash of light from the 
exploding noodle, andastronomers gota _ system, the signature ofa tidal disruption event. 
front-row seat to the action. The ‘unfortunate As astar is ripped apart, some ofits innards 
Star’, as the researchers called it in their paper, end up in the disc of swirling matter around the 
was orbiting in the dense nucleus ofa galaxy black hole and shine brightly before they're 
with the unwieldy name 2MASX Jo4463790- swallowed. At the same time, clouds of dust and 
1013349 about 215 million yearsagowhenitfound other material blast out into space, shrouding 
itself on a doomed path. It had wandered too regions of the black hole from view. Soon after 
close to the galaxy’s central supermassive black _ the first flash, telescopes all over the world 
YA hole, and that stretched it out likespaghettiand whirled around to watch this happen. 


- swallowed it in one big gulp - scientists literally “Because we caught it early, we could actually 
call this process spaghettification. Light from see the curtain of dust and debris being drawn 


this act of stellar cannibalism reached Earth in up as the black hole launched a powerful outflow 
2019. Researchers have detected events likethis | ofmaterial with velocities up to 10,000 


before, but never so soon after the destruction kilometres per second,” said Kate Alexander, a 
and never so nearby. The black hole ate its Northwestern University astrophysicist. 
plasma noodle dinner just 215 million light years Over the course of six months researchers 
from Earth. watched the material flow into space and then 
Spaghettification happens because of how watched the tidal disruption fade. The 
sharply gravity increases as youapproachalarge astronomers also confirmed for the first time the 
\ black hole. Ifyou dropped feet-first downablack direct link between the flash of light and the 
hole’s gravity well, at some point the gravity at outflowing material. 
! your feet would be much stronger than the 
gravity at your head. It would stretch you out : ‘Tt F g d Yvon d ere d t 00 
until all your skin, skeleton and guts looked like ; 
4 Pe he along string. The same thing happens to stars as C | OSC to th S a ‘a | CX UY S 
, aie ’ i Ted they plunge into supermassive black holes. cen t ra | SU p ermassive 
bal tial uve ROSE Astronomers have still never actually watched is 
Sa oN ctherlands Caer institute the initial stretching process itself, but this is the D | aie K A O | = 
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SPACE AND PHYSICS 


‘Starman’ passes Mars In 


decaying Tesla Roadster 


Words by Rafi Letzter 


tarman, the dummy riding a cherry-red 

Tesla Roadster through space, has 

made his closest approach ever to 
Mars. The electric convertible and its 
mannequin passenger were bolted to the top 
of a Falcon Heavy rocket as a stunt during the 
SpaceX rocket’s first test launch on 6 February 
2018. It’s common for test launches to include 
heavy payloads, but they’re usually more 
boring than cherry-red sports cars. 

Two years later, the Falcon Heavy upper 
stage and the vehicle at its tip are making 
their second trip around the Sun. Jonathan 
McDowell, a Harvard astrophysicist who 
tracks space objects as a side project, found 
that Starman passed 7.4 million kilometres 
from Mars at 06:25 GMT 7 October. That’s 
about 19 times the distance from Earth to the 
Moon, and 35-times closer than anyone on 
Earth has gotten to Mars. 

The closest recent approach between the 
Earth and Mars was 56 million kilometres in 
2003, though the planets are often hundreds 











of millions of miles apart depending where 
they are in their orbits. No one can see the 
Falcon Heavy upper stage at its current 
distance, and the strange, beautiful images it 
once beamed home to Earth have long since 
ceased. But orbits over periods of a few years 
are fairly straightforward to predict, and 
McDowell used data about how the rocket 
was moving when it left Earth’s gravity 
ols) eb beLomcomoybeyoleycolmuncmacreccyalmrntenicsyrely alice 

The Roadster-bearing rocket stage is on an 
asymmetrical orbital course that takes it as 
far as 1.66 times Earth’s distance from the 
Sun at one end of its trek - out beyond the 
orbit of Mars - and then back within Earth’s 
orbit at the other end, 0.99 times Earth’s 
distance from the Sun. 


“No one can see the 
upper stage at Its 
current distance 
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Last time Starman circled the Sun, 
McDowell said, it crossed Mars’ orbit while 
the Red Planet was quite far away. But this 
time the crossing lined up with a fairly close 
approach, though still not close enough to 
feel a strong tug of Martian gravity. 

At this point in time, if you were able to go 
look at the Roadster, it would probably look 
pretty different. The harsh solar radiation 
environment between the planets would 
probably have wrecked all the exposed 
organic materials - red paint, rubber tyres, 
leather seats and the like - breaking the 
carbon bonds that hold them together. 

"bid eXeltim sr VadeMcme)colcumat(cecimsrlesjoletsyace- betel 
magnetic shielding, even the robust plastics 
in the windshield and carbon-fibre materials 
would start to disintegrate. Over the course of 
decades or centuries, the car should be 
reduced to its aluminium frame and sturdiest 
glass parts - that's assuming that none of 
them get destroyed in impacts with passing 
space rocks. 
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Record-breaking bird flies 
12,000 kilometres nonstop 


Words by Yasemin Saplakoglu 


n international traveller just broke the 
world’s record for the longest nonstop 
ight -among birds thatis. A bar-tailed 

godwit (Limosa lapponica) just flew for 11 days 
straight from Alaska to New Zealand, traversing 
a distance of 12,000 kilometres without stopping 
and breaking the longest nonstop flight among 
birds known to scientists. 

Bar-tailed godwits are known to undertake 
impressive migrations between Alaska and New 
Zealand, flying thousands of miles without 
stopping. But one particular bird, driven by 
easterly winds that prolonged his journey, flew 
longer than any of his kind known to date. 

Scientists tracked this particular male godwit, 
known as 4BBRW‘ for the coloured identification 
rings on its legs - stacked blue, blue, red and 
then white - through its onboard satellite tag. In 
2019 they caught and tagged 4BBRW along with 
19 other bar-tailed godwits in the Firth of 
Thames, southeast of Auckland. 

The endurance flyer set off from southwest 
Alaska on 16 September after having spent a 
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couple of months feeding in Alaska’s mudflats. 
Though the godwits pack on weight during this 
time, they are known to shrink their internal 
organs for their migration in order to travel light. 

After leaving Alaska the godwit flew south 
over the Aleutian Islands, landing in a bay near 
Auckland in New Zealand 11 days later. His 
satellite clocked in at 12,854 kilometres, but 
rounding errors likely mean that the journey 
actually extended over about 12,200 kilometres. 
Sometimes the godwit flew up to 89 kilometres 
per hour. 

The journey isn’t only impressive, but holdsa 
cultural significance for people in New Zealand. 
To the Maori, the indigenous Polynesian people 
of New Zealand, godwits - which they call 
‘kuaka’ - are signs that good fortune is coming, 
and the return of the kuaka marks the beginning 
of spring. 4BBRW and others of his kind are 
expected to start their journey back to Alaska in 
March, but first they will likely take a pitstop 
near China in the Yellow Sea for about a month 
to feed. 
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cientists have reconstructed a 

long-lost tectonic plate that may 

have given rise to an arc of 
volcanoes in the Pacific Ocean 60 million 
years ago. The plate, dubbed 
Resurrection, has long been controversial 
among geophysicists, as some believe it 
never existed. But the new reconstruction 
puts the edge of the rocky plate alonga 
JUbo=meym@ conten iigems baler (syelmice)lersbelelscp 
suggesting that it was once part of the 
crust in what is today northern Canada. 

Geologists used a computer model of 
Earth’s crust to ‘unfold’ the movement of 
tectonic plates since the early Cenozoic 
Era, the geological era that began 66 
million years ago. Geophysicists already 
knew that there were two plates in the 
Pacific at that time: the Kula Plate and the 
Farallon Plate. 

Because lots of magma is present east of 
the former location of these plates in what 
is today Alaska and Washington, some 
geophysicists argued there was a missing 
piece in the puzzle, a theoretical plate 
they called Resurrection. This magma 
would have been left behind by volcanic 
activity at the plate’s edge. 

All of these plates have long since dived 
beneath Earth’s crust ina process called 
subduction. The researchers used the 
computer reconstruction to undo this 
subduction, virtually raising the plates 
back to the surface and rewinding their 
motion over millions of years. When they 
did, they found that Resurrection did 
indeed fit into the picture. 
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about ten-times more 
massive than Earth 
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Astronomers find a 








Words by Mike Wall 





inding Planet Nine may require looking at 
telescope images in a different light. 
Astronomers are vetting a ‘shifting and 
stacking’ technique that could aid the hunt for 
the putative world, which some researchers 
think lurks undiscovered in the far outer Solar 
System, way beyond Pluto’s orbit. 

The strategy involves shifting 
space telescope images along sets of 
possible orbital paths, then 
stacking the photos together to 
combine their light. The technique 
has already been used to discover 
some moons in our Solar System, 
and it could potentially spot Planet 
Nine, also known as Planet X, Giant Planet Five 
or Planet Next, and other extremely far-flung 
objects. “You really can't see them without using 
this kind of method,” said Malena Rice, an 
astronomy PhD student at Yale University in 
Connecticut. “If Planet Nine is out there, it’s going 
to be incredibly dim.” 

Researchers found the faint signals of three 
known trans-Neptunian objects (TNOs), small 
bodies that circle the Sun beyond Neptune’s 
orbit, in shifted and stacked Transiting 


new way to hunt for 
the elusive Planet Nine 


Exoplanet Survey Satellite (TESS) images. Then a 
blind search of two distant patches of sky was 
conducted, turning up 17 new TNO candidates. 
“If even one of these candidate objects is real, it 
would help us to understand the dynamics of the 
outer Solar System and the likely properties of 
Planet Nine,” Rice said. The 
researchers are currently working 
to confirm the 17 candidate TNOs 
using imagery captured by 
ground-based telescopes. 
TNOs are bread crumbs that 
could lead the way to Planet Nine. 
The hypothetical world’s 
existence has been inferred from 
the odd orbits of some TNOs, which are clustered 
ina way that strongly suggests sculpting bya 
big, far-flung ‘perturber’. Data indicates a planet 
five to ten times more massive than Earth, 
orbiting the Sun hundreds of times farther away 
than our world does. Not everyone is on board 
with this interpretation, however. Some 
scientists think the TNOs’ odd clustering arises 
from the combined gravitational influence of 
their many minuscule neighbours, notasingle 
big object. 
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Physicists clock the fastest 
possible speed of sound 
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cientists have discovered the fastest 
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kilometres per second. Sound waves 
move at different speeds in solids, liquids 
and gases. Within those states of matter they 
travel faster in warmer liquids compared 
with colder ones. Physicist Kostya Trachenko 
of Queen Mary University of London and his 
colleagues wanted to figure out the upper 
limits of how fast sound could travel. 

This exercise was largely theoretical. The 
researchers found that the answer, which is 
about twice as fast as sound moves through 
Xo) OCeMob Es barleyalemmelsjerveveccme)amcrey rele 
fundamental numbers in the universe. The 
first is the fine structure constant, whichisa 
number that describes the electromagnetic 
force that holds together elementary 
particles such as electrons and protons. The 
second is the proton-to-electron mass ratio of 
a material, which, as it sounds, is the ratio of 
mass from protons and mass from electrons 
within the atomic structure of the material. 

It’s not possible to test this theoretical top 
speed in the real world, because the maths 
predicts that sound moves at its top speed in 
the lowest mass atoms. The lowest mass 
atom is hydrogen, but hydrogen isn’t solid, 
unless it’s under super-high pressure that’s a 
million times stronger than that of Earth’s 
atmosphere. That might happen at the core 
of a gas giant like Jupiter, but it doesn’t 
happen anywhere nearby where scientific 
testing is possible. Instead Trachenko and 
his colleagues turned to quantum mechanics 
and maths to calculate what would happen 
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to sound zipping through a solid atom of 
hydrogen. They found that sound could 
travel close to the theoretical limit 0f 127,460 
kilometres per hour, confirming their initial 
calculations. In contrast, the speed of sound 
in air is roughly 1,235 kilometres per hour. 

The movement of sound in such extreme 
and specific environments may seem 
unimportant, but because sound waves are 
travelling vibrations of molecules, the speed 
of sound is related to many other properties 
of materials, such as the ability to resist 
stress. Understanding the fundamentals of 
sound could help illuminate other 
fundamental properties of materials in 
extreme circumstances. 

For instance, previous research has 
suggested that solid atomic hydrogen could 
be a superconductor. Knowing its 
fundamental properties could be important 
for future superconductivity research. Sound 
could also reveal more about the hot mix of 
quarks and gluons that made up the universe 
an instant after the Big Bang, and could be 
applied to the strange physics around the 
gravity wells that are black holes. Other 
researchers have studied ‘sonic black holes’ 
to gather insight into these cosmic objects. 

“We believe the findings of this study could 
have further scientific applications by 
helping us to find and understand limits of 
different properties, such as viscosity and 
thermal conductivity, relevant for high- 
temperature superconductivity, quark-gluon 
plasma and even black hole physics,” 
Trachenko said. 
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As the Arctic Ocean warms, researchers have 
observed an acceleration of ice flow into the ocean 


PLANET EARTH 

Ice melt Is 
changing 
Greenland’s 
coastline shape 


Words by Stephanie Pappas 


apid melt is reshaping coastal Greenland, 

potentially altering the human and 

animal ecosystems along the country’s 
coast. Greenland is losing 500 gigatonnes of ice 
each year, more than can be replenished by new 
snowfall. Annual ice loss is 14 per cent greater 


today than it was between 1985 and 1999. The 
meltwater is lubricating the ice sheet so that it 
Slides more easily on its underlying bedrock, 
hastening the continued melt. 

Researchers combined two types of data from 
satellite imagery: how fast the ice sheet is 
moving and where glaciers terminate on their 
path downhill. When a glacier retreats, its 
terminus doesn’t reach as far downvalley as it 
once did. They found that glacier retreat is now 
the norm in Greenland. Around 89 per cent of 
glaciers had retreated substantially within the 
last decade. Virtually none had advanced. 

However, this reshaping of glaciers translated 
into a variety of changes in glacier movement. 
Some glaciers were speeding up, flowing more 
rapidly towards the sea, while others were 
flowing more slowly. Over several years toa 
decade, a single glacier could do both, 
depending on the topography around it. 

The Kjer and Hayes glaciers in northwestern 
Greenland sped up at their primary outlets to 
the sea from the 1990s to 2010, but other ice 
outlets to the ocean nearby slowed down. In one 
case the southerly portion of one of those outlets 
sped up, then slowed again. There is evidence of 

ice channels narrowing, of rerouting 
meltwater paths and even of the 
slowing of new ice so that glaciers 
are stranded in place, more like 
lakes than rivers. 
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If you’re looking to unlock your potential piano 
skills, then LUMI is the perfect gadget for you. This 
at-home piano teacher can help you learn your 
favourite songs using its interactive keys. Using the 
companion app, simply follow along with lights that 
correspond to the keys of a song during a virtual 
lesson. The LUMI keyboard is also modular, so you 
can add another to double its size. With over 400 
contemporary songs and 130 interactive lessons, 
you'll be playing seamless piano before you know it. 
The LUMI keyboard is also modular, so you can add 








TicWatch 
Pro 3 


From keeping track of your daily 
fitness and nighttime health to 
sending texts and listening to music, 
the TicWatch Pro 3 is jam-packed with 
features to enjoy. This watch shines as 
a tool to reach your fitness goals. 
Equipped with a built-in barometer, GPS 
and motion tracker, TicWatch can offer 
real-time feedback on your exercise routine 
to help you achieve your goal. It’s also 
swimming pool compatible. This 
smartwatch boasts up 72 hours of battery 
life and even comes equipped with Google 
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Kano PC 


Pay compatibility for contactless payments. 
If you are looking for your kids first computer this 
Christmas, then the Kano PC could be the perfect starting 
point. Created to educate and entertain this “built it 
yourself” computer is a great way to not only consume 


Airfix “He ICK 
BU | D content, but to also create it for themselves. This module 


| = = . . . . 
| a ea ip laptop is Powered by Windows 10 and works like a typical 
La m bo rg h i ni PC but with built-in software to teach your children about 
Aventador 


Always dreamed of owning a 
Lamborghini? Airfix QUICK BUILD is an 
exciting range of simple, snap together 

models suitable as an introduction to 

modelling for kids, or as a bit of 

construction fun for any Lamborghini 
lover! There is no paint or glue involved 
so the model can be crashed and rebuilt 

as many times as you like, or else you 
_ may choose to put your masterpiece on 
> display. There is a wide range of QUICK 

BUILD models available including 

Aircraft, Tanks, Super Cars and Iconic 
VW’s, all of which are compatible with 
other building block brands. 
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the varied world of coding and computer science. _ 
~ 9999.99 
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Creative Tech Boxes 
with online lessons 


For the ultimate Tech gift for someone 
creative, checkout Tech Camp’s Tech Boxes. 
There’s six to choose from, with each one 
packed with things to make and complete 
with comprehensive online lessons. Create 
‘Light paintings’, build a smartphone- 
controlled lamp, design games and 
animations on a whiteboard, and have fun 
with the latest in smart materials. If you 
really want to impress, you can even match 
the gift of the first Christmas with a box 
complete with Gold, Frankincense and Myrrh! 
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Jabra 
Elite 85h 


If you’re looking for comfortable 
sound-cancelling headphones then 
look no further than Jabra Elite 85h 
wireless headphones. Renowned 
for their headphone creations, 
Jabra has now automated sound 
cancellation with their 
SmartSound technology. Jabra 
Elite 85h will automatically 
adapt noise cancellation to 
adjust to your 
surroundings, blocking out 
the hustle and bustle of 
the London tube or busy 
highstreet without you 
having to lift a finger. 
These advanced 
headphones also promise a 
36-hour battery life on a single 
charge and crystal clear call quality. 














With this one, you'll create soaps and candles 
using ancient fragrances and, yes, you'll also 
get real gold to try your hand at gilding. The 
boxes range from £39-£59 and are smart 
enough to appeal to adults and teens as well 
as children, and they offer free personalised 
naming of the boxes. You'll need to get in 
quick though, as they’re new this Christmas 
and there’s a limited batch being handmade 
this year. For more information, go to www. 
techcamp.org.uk. We’ve also got an exclusive 
£5 off voucher for our readers - just enter 
‘XMGifts’ at the checkout. 


39.09 * 
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Haynes Practical 
Lifestyle Manuals 

Publisher: Haynes 

© Price: from £6.99 to £25 (approx $10 to $30) 
Haynes has something for everyone this 
Christmas, with these three fascinating new 
titles topping the bill. The Coal Mine 
Operations Manual explains the evolution of 
British coal mining from the 18th to the 20th 
century, the heyday of British mining, and 
examines every aspect of life as a pit worker. 
Meanwhile, the Haynes Skyscraper Manual is 
fully illustrated and takes the reader through 
the fascinating design and construction 
process, interspersed with intriguing facts 
and figures, from the world’s first skyscraper 
(the 10-storey Home Insurance Building in 
Chicago) to today’s tallest skyscraper, the 
163-storey tall Burj Khalifa in Dubai. And for 
retro motorsport fans, the Peugeot 205 T16 
Manual chronicles the design, anatomy, 
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Sean Yeager Adventures 
' Publisher: Aenathen Omega 

Price: £7.99 (paperback) 

Enjoy the magic of Sean Yeager Adventures 
this Christmas. Treat your youngsters to a 
world full of surprises, where secret agents 
and robots run amok, and high-tech gizmos 
abound. Follow Sean and Emily as they 
evade their arch-enemy and search for clues 
about their missing fathers. Can they find a 
way to save humanity from an ancient and 
deadly threat? 
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Never miss an issue of How It Works 
Available on iOS or Android © © 





www.magazinesdirect.com/hiwxmas 
OR CALL 0330 333 1113 AND QUOTE BBL2 


*Terms and conditions: Offer closes 31 January 2021. Offer open to new subscribers only. Direct Debit offer is available to UK subscribers only. £29.99 payable by annual Direct Debit or Credit Card plus free gift worth £59.94. 
Orders purchased as a gift before 21 December 2020 will start with the first issue published in January. All gift orders purchased after this date will begin with the first available issue. If you would like your gift subscription to start 
with an earlier issue please contact customer services. Orders purchased for yourself will start with the next available issue. Please allow up to six weeks for delivery, or up to eight weeks overseas. Your gift will be delivered 
separately within 60 days after your first payment has cleared. Gifts only available to subscribers on the UK mainland. In the unlikely event that we run out of this gift, we promise to offer you an alternative gift of the same value. 
Payment is non-refundable after the 14-day cancellation period unless exceptional circumstances apply. For full terms and conditions, visit www.magazinesdirect.com/terms. For enquiries please call: +44 (0) 330 333 1113. Lines 
are open Monday to Friday 9am to 50m UK Time or e-mail: help@magazinesdirect.com. Calls to 0330 numbers will be charged at no more than a national landline call, and may be included in your phone provider's call bundle. 
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DID YOU KNOW? During testing, the Orion spacecraft travelled at speeds of over 32,100 kilometres per hour 





he Moon has captured the 
attention of humans for as long as 
we have'gazed upon the stars. 


Reflecting the Sun’s light into each dark | 


night, its presence reminds us of the 
worlds ol=aicoy ale mol eb ere\iior em sibam=y.¢e) leas) as 
intheform ofastronautshavedone . 
much more than simply look upon it. 

On 20 July 1969 the first humans 
landed on the Moon. As part of a series 
of missions.dubbed the Apolloprogram, 
WARSAW Cia ceystcLiccwaciareee(sromecom er DaneQriaiae 
more knowledge ofthe rocky orb than 
our species had evér acquired before. 
But to think that a handful of missions 
to this world could make us experts of 
this foreign terrain would be a mistake. 
A NCem ok niCemoy eV Aim =y.qo)Coycsrom-Mubihim@eleyauleyel of 
the Moon, and there is still so much 
more to learn. 

It has been just under half a century 
since we last visited the Moon, and 
NASA has now revealed its plans to 
place the next astronauts on its surface 
by 2024. At least two more people will 
follow in the few dusty footsteps of the 
Apollo program’s moonwalkers. 

When the Apollo program was 
launched, we knew few details about 
the silvery sphere that graces our skies. 
Upon the astronauts’ successful return 
to Earth with samples from the Moon, 
we were able to learn the majority of 
what we know today about our planet’s 
natural satellite. We learned that the 
surface of the Moon has a dust covering 
and the structure contains a core, 


The US won the Space-Race by 
landing on the Moon first 


























mantle and crust just like Earth’s. For 
Apollo, putting humans on the Moon 
was the main and final goal. It provided 


-us with a better understanding of what 


was previously anunchartedand _ 
boabbratseeabet-Le)(omeventabaeyebrelsyelmmexereye mood es 
territory is to be further explored, and 


* humanity’s achievements in space 


travel to be expanded upon. 

Apollo’s successor is Artemis -a 
program aptly named after the 
mythological Greek goddess of the 
Moon: Artemis is the twin sister of 
Apollo. While the Apollo missions 
were executed solely by men, a prime 
goal of Artemis is to send the first 
woman to the Moon. In keeping 
with the theme, the vehicle that 
e0Uersboatadelspel>.qm-Cinceyerslelemne 
the Moon is acapsule called 





using the 2024 Moon landings asa 
stepping stone to a mission to Mars. 
This is a planet that scientists believe 
could have once been home to life - or 
may still be hosting it. Robots have done 
all the detective work on Mars so far, but 
NASA now aims to'send astronauts 


- there by the 2030s. 


With a future exploration target set on 
the Red Planet, the return to the Moon 
will be used to provide us with the 
knowledge and tools to better navigate 
our Solar System. But how exactly can 
the Moon help prepare us for a mission 


to Mars, an entirely different and more 
















THREE-PART 
Neem 


2021 
\ Artemis I 


Zz The first mission will be uncrewed to 
on ~ test the safety of takeoff, the 


: i 
Orion, the name of the goddess ATE MIS  capsule’s ability to travel around the 












Artemis’ hunting partner. 
Successfully placing a female 
astronaut on the farthest place we've 
been from Earth will be an important 
step for the global space industry. 
Perhaps the most ambitious of the 
Artemis mission’s objectives involves 


: _» Moon, descent and splashdown. The 
rocket will also carry 13 small satellites 
into deep space to perform experiments 
and technology demonstrations. For six 
days the spacecraft will orbit the Moon, 
collecting data about its performance. 


\2023 
\ Artemis Il 





For Carrying the first four Artemis 
Hi 


ARTEMIS > - astronauts, the Orion capsule will take 


» the crew further than humans have 
il * ever travelled before in space. Over the 
approximate ten-day mission, the crew will 
complete a lunar flyby and return to Earth, 
evaluating the spacecraft’s systems while 
carrying humans. 


g\ \ Artemis III 


_ This is the mission that will see the 


ARTEMIS 


| ~ next man and first woman step onto 
Hl the lunar surface. Providing previous 
missions have been successful, the 
astronauts will shoot towards the Moon, 
using the lunar lander to lower two people 
to the Moon’s south polar region. They will 
remain on the Moon for around a week. 
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unpredictable mission? Part of this logic 


is to maintain a gradual progression 
towards Mars, ensuring that astronauts 
are as experienced as they can be. * 

* Humans have evolved to thrive on 
Earth, and they can't survive by 
themselves outside its atmosphere. In . 
Te) cols) ace) cheat nature and.explore space, 


-astfonauts rely on sciencé.and 


technalogy, Wwith.NASA planning and 


preparing extensively. Much of what we . 


_ ‘know about how the human body reacts 
~ tolow gravity, the hostility of outer . 


space and how humans can survive in 


‘space.comes from ongoing experiments 


on the International Space Station (ISS). 
Living.400 ‘Kilometres above our 


planet's surface | is unimaginable ike) 


most of us’  but.a two- -day journey to the 
ISS from Earth is nothing compared to. 
the months it would take to travel to 
Mars. The Moon! isa stepping stone -in 
both time and distance - towards the: 
WEVaetvemeba::01) nee 

The Artemis plans are well underway, 
and, the first:three missions are likely to 
be the catalyst for many more. Although 
NASA’‘s sharpest minds will have the » 


', trip meticulously calculated, exactly 


what the astronauts will find remains to 
be seen. As thé mission draws closer, a 
recent discovery has added significance 


 tothis ambitious plan. A NASA aircraft, 






‘Infrared Astronomy (SOFIA), 


called the Stratospheric Observatory for 


discovered that the Moon has 
a higher abundance of water | . 
detsval previously anticipated 
and across amuch greater |. | 
area. The water was found on ' 
a sunlit surface ofthe Moon, 
meaning any available water 
isn’t limited to the coldest, 
darkest regions, as previously 
suggested. There could be 
more of this life-supporting 
resource trapped within the 
lunar surface for Artemis 
explorers to utilise. If this 
vital resource can be spotted 
using distant telescopes, time 
will only tell what we will 
learn when the Moon is back 
beneath our feet. 












































astronauts 
and cargo to 
the Moon at 
One se 


Jump on board the Orion as we 
co) (eo) VM ual=MgolUicem e)r-lalacsem ce) mi aa(= 
Artemis astronauts 


1 Launch day 
Scheduled to launch in October 
VAOV_ Tai ntsmualicewalarcaalismaalsciele 
and second with crew on board 
will takeoff from the Kennedy 
Space Center in Florida. Around 
tive kilometres away from the 
elUlateiam ey-(emmaal=m-loumlelamiiimels 
watched and monitored by the 
Launch Control Center. 








4 To deep space 
~~ Set on a carefully formulated 
trajectory, the astronauts will travel 
over 384,000 kilometres. This 
trajectory needs to-account for 
factors such as the pull of gravity 
and the movement of the Moon. The—. 


9 Splashdown 
After less than 30 days in 
space, the parachuted 
capsule will land on Earth, its 
fall cushioned by the Pacific 
Ocean. NASA will have a 
team ready to retrieve the 

(ol ge\ Vara] ae ual =mer=] o)s101(-¥ 


uncrewed Artemis 1 mission will be 
able to test the planned path. 


3 Trans-lunar 
injection 
Having successfully made it 
[aiken ate] auakowe)go)immualsmO@)alela 
vehicle is ready to cross over to 
ual=m \V/kele)ane DIU lalalemcWACriaalialeies 
burn, the engines fire to 
increase the speed of travel, 
(o[fsje)iclel ale piu atoms) efole1ei e-] nami ce)an 
its low orbit. 





Artist’s concept of an | 
Artemis lunar lander de ae 
[erehalatem =tclanakcmelae)is SS eee 











NASA tests exit procedures 
Ben ige)ant-lame@)dle)amsjey-lers\ela-yat 
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DID YOU KNOW? The SLS rocket's boosters burn through over a million kilograms of propellant in two minutes 





© To the Moon 
® Return to Earth 
> Gateway orbit 


2 Entering orbit 
Once the rocket has 
completed its task of 
ime] ,41 (em O@)ale)amialceke)ae)iamias 
Yale] ialesswsial el mele) Zane] Alem 
will separate from the 
crew’s capsule. These 
rocket components then 
fall towards the Pacific 
Ocean. Left to fend for 
itself, Orion will deploy its 


solar arrays. /f 
: } f 
: f 
: / 
es me / 
— 5 Lunar flyby ae 
| -\waatcliakciale|iatcmelelan } 
185 kilometres above / 
the Moon’s surface r 








will put Orion ona 
trajectory to intercept 
dalsme)ae)imevmuarculelarcle 
gateway station. 


7 Spacewalk 
BYSKO)Kom=>.4)e ale ual=mfclalel=\e 
the astronauts will have 

oiarelalelcvomiaicemuat=lie 
extravehicular spacesuits. 
These will allow them to 
SJolsialem aatclanmalelelas 
fey) 0ce) || ale muaatom\Vlelelar 
(oro) | (=Xounlalemst=lanle)(=sswelare 
(oro) ale [Ulorniale=).4elc)alan(=)aiecy 
ai ale\varel om llc) NmkON=),40) (0) a> 
Shackleton crater at the 

SolU jue ofe)(=melare mall maclaarclia 

ola maal=m\V,(elolamce)ancelele) al hy, 
seven days. As an area 
where water ice is present, # 

astronauts will explore the f 

suitability of the area for a Fd 

olslanatclarclavemanlele)aley-isvou 


/ mrcllaremeletel coco mV IN amuals 
Gateway, which will be 
orbiting the Moon, the crew 
f may need to inspect the 
station and collect any 
f supplies they might need. 
y While two astronauts will stay 
i aboard the spacecraft in orbit, 
Pe the other two will then change 
ai | over into a lander vehicle. This 
i will take them on the relatively 
i Salo) ame(=ssier=) aime (@)/iV/0 me) aikomual= 
a Moon’s southern surface. 


8 Ascent 
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’ 6Moon landing 








mrclVdl ale Mets] aa[=lemelOlmnuarome)i-lalarc\em=).4e\-)alanl=lalesme)amualsmlV/lele)an 
the astronauts will reboard the Human Landing System 
and return to their crew on the Gateway. Taking any 
essential samples back to Earth with them, they will return 
to Orion to make the journey back home. 


A iatsmilecimce)aatela 
oyamaatsmivcereyamyvdll 
take her first step 
o)amelarsy.4 ele) ave! 
territory 
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MAIN MISSIO 
OBJECTIVES 


Long-term 
presence 


medi Ce)uvlale WAN exe) | (om Wass) 
three-day presence 
o)amaatom \Vlele)ar 
AVakelaalomyvillmestsy are 
astronauts there 

for weeks at a time. 


See liayy 
A female astronaut hasn’t set 
ele) me)alnd a=W \/(ele)am\{-1emr]alemaalis 
mission will 
demonstrate the 
Takelastcksiialemael(= 
iV(o) palslam ate Nie 
played in space 
alice celalcmcii alexa uals 
yAN oe) | (es) <P 


Partnerships 


IN AWSY A alekom exe) f=] ele) asi kare, 
with private 
companies such as 
SpaceX and Boeing. 
i Matetsy-m eye ladalsleciall ess 
show space travel’s 
shift towards 
foro)anlaat=iaeite]iist-lacelar 


Technology 


NASA is always learning from 
past missions; the spacecraft 
and astronauts’ suits 
ave hViom olexe)a mel i (elacre, 
to the Moon 
aalisscile)amuem=>dalle)is 
the latest in space 
ixsYoqalate) elena 


Knowledge 


(Oo) /(=Xeudjaemaelaualslaulavce)aaar-iulela 
about the lunar surface 

Fe] alee (=1=) 0s) oy-[0xoe 
INVENSY-W ale) el=tomne) 
become better 
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Launch vehicle 
stage adapter 


The nine-metre-tall 
cone-shaped structure i. ch =, 
connects the core stage oll com YW 
of the rocket to the upper The Orion spacecraft that will deliver astronauts to 
peices ee cabeule » the Moon is designed to have the lowest mass 
aieet ve cHieiforine possible, while still being idgelare enough to 
Sncineintieausperstace &~. Withstand the conditions of space. This will enable 
| dl id a=Mor-] os-10] (=m uomor-|em’mda=W-l-1dgelar-leie-m-lalemaatelie 
YelUlfelanrsarmeriiare mealialisatel mitre) p 


From the astronauts’ 
: fend ae Habitat 
suits toa \Coreyamrelae)idiare - ~ The capsule is designed to 
E : | i accommodate up to four people. 
station, how will the 


a However, space is tight as the 
Metallic compact spacecraft needs to fit 
























































latest technology assist os coating ; safely at the top of the rocket. 
eee 5 fy - The crew capsule is # : , 
id alomivs(olelemanlisci(e) ace / \ designed to control 


heat, keeping 
temperatures from | AF iss 
soaring when 
, uu exposed to the Sun, 
The launch rocket is responsible for Fi but retaining heat 
the all-important task of firing the / a 7 when in the cold 
capsule and crew into space. The . void of deep space. 
Space Launch System (SLS) is NASA’s 
aL=\"Var coles.(=)me(=s-tfelal=vemce) mm alelaatelal 
space travel beyond Earth’s orbit. 
Having to travel almost 
1,000-times farther than those 
headed for the ISS, it is 
designed to reach speeds of 
ATOM OlOlOM di Celanridn=s-m ole) alee 


Approximately eight ~J a f Solar power 
minutes after launch, the | yA cnaae r | : 

ul ~. pace, four solar arrays Service module 
core stage falls away and : A. open from the spacecraft. Providing life support to the 
the astronauts can ~ ih | , | Converting energy from the Sun, 


astronauts, this section releases 
oxygen and water into the crew 
module. After separation from 
the rocket, this section holds 
the energy to transport the 
capsule through space. 


continue with their dl : \ they provide the service module 
journey to the Moon. ‘J : | | with enough energy to power 
~ | | two three-bedroom houses. 

















Core stage 


* Solid rocket ao 4 | 65 metres tall and some 
W booster : eight metres wide, the 
a Ps largest area of the rocket Launch abort system 


stores the engine fuel, as Coming into play if a problem 

well as the flight arises, the top of the rocket has a 

computers needed to motor that will pull the Orion 

control the rocket. Spacecraft away from the rest of 
the rocket for a safe landing. 


These provide 75 per 

» cent of the rocket’s 
thrust during launch. 
After the initial ascent, 
- the boosters separate 
_ from the SLS and fall 


_ back to Earth. 
Crew module 

Lv The astronauts’ capsule is 
\ situated near the top of the 


| 
rocket, allowing modules to 


RS-25 engines | safely detach below them. 
Four liquid hydrogen and liquid | 

oxygen-fuelled engines are evenly 

distributed in a square pattern to 

add stability, as they produce 

nearly 9 million newtons of force. It 

takes five seconds for the engines 

to reach 100 per cent power. 










Rockets 
akeyaxe Ko ol=) 

powerful to 
leave Earth 


aie 
‘SCAN HERE 






Space Launch 
System | SLS) 


A’s most 
powerful eo system? 
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DID YOU KNOW? Around 650 million people watched coverage of the first Moon landing 






me) => 0) (0) esd (eae) m-lalelaal=) mex=) (2s) 0l-] meleleha 
astronauts need a station to call base camp. 
The Lunar Gateway will serve this purpose. 
OTaoyidiaremanr=mi"i(ele)aMmOlacolamy sii mol-mr-lelate p(=lem Ke) 
synchronise with the path of this station. 


Gateway to the Moon 





; : The Human 
conduct science experiments and prepare Landing 
for the main stage of their mission - the System-Wills. = 


landing. Unlike the ISS, however, the Lunar 
Gateway will house astronauts for shorter ~ 
role) a (ole k-par-]alem’\(0) alam elem ol=)anat-lal=lal any f 


allow vehicles 
ike) felexsyexsvayemrslale 
‘ascend from 


- 
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When the spacecraft reaches the Gateway it occupied. Built with return trips to the . “the Moon 
will dock, and the astronauts can leave Orion. Moon beyond the initial Artemis missions 2 

Serving a similar purpose to the ISS - but and long-term human presence in mind, am | 
travelling in a completely different orbit - the this component will become vital for ™ N 
Gateway is a place where astronauts can deep-space exploration. oak \ \\ 
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N loon landing 


Transporting the astronauts to their lunar 
destination is the Human Landing System. This 
vehicle is designed with a pressurised crew 


Abavecmlaatelel= fore ]oliaMmcemelV(=)|Mlatct(e(= el-1ce) g= Mju] 0) e)ialemeleime)al ne, 
shows how the surface of the Moon. The companies 
the Orion WVCola dials Melamatatsmalelirclimielat-lamt-lale(se-mlaceiece(= 
spacecraft 


He) (U(=m@] a (ella pms) oy-(ex=), @r-]alem DhYZ a(=1 0 (oxfam LOm-t- i=) AV, 
make it onto the lunar surface, the vehicle will 
need to achieve a slow, soft landing. 


will dock with 
the Gateway 















PLSS 
The updated Portable Life Support 
System is a backpack which supplies 
the astronaut with oxygen, pressure 
regulators to monitor pressure inside 
the suit and cooling systems. It lasts 
longer than previous versions to 
accommodate extended exploration. 


Helmet 
This headpiece is 

designed to be 

lighter, stronger “| 
and have better ae 
noise reduction. =, Tt) 



































Vioonwalk 


If we want to send 
astronauts to the Moon, 
they will need the latest 
technology to assist them. 
While astronauts have 
WTatele\aefelaremanleiial elie 
spacewalks since the 
AN oXo) Com ani i-s-Je) AP aletors 
ure hem alelMmacveleliazvemaatsnmne, 
walk on the surface of a 
celestial body. The next 
astronaut to walk on the 
WY Coxeyam i melom-vom lam e)e-lale be 
aL=\WYAM El ele rsik=\e mj oy-lox=s-1 0) | 
PANSY Ware ome lancet (exe) 
Artemis-generation 
spacesuits designed 
especially for the mission: 
one for the launch and 
lateliavemmn'ce)aeMiatye(smaats 
cy oy- [oxelor =] mar- | ale me) (=m Ke) 
ro) go) Kaoa Mad a=W olole| (se) 
id aCeycxM(-JaMl glare melerect(e(= 
idal=m o)qoln-voru(o)aMojman(-mO@lacela 
capsule. The suits will be rotation, increasing 
custom fit to their bodies , | manoeuvrability. 
with the aim of improving a ~ go 
TrefeemaeRAyiiiclaar-lite mo’ ~ : 
practicality of previous 
versions of suits. 





xEMU 

_ Short for 
Exploration 
Extravehicular 
Mobility Unit, 

) this is the suit 

§ designed for 
exploring the 

' lunar surface. 


Orion Crew 
Survival Suit 
This lighter suit is for 
use inside the 
Spacecraft between . 
takeoff andlanding. | \ 











tans 


Free rotation | : 
Spacesuit joints at | | , 

the waist and 

shoulders allow full 


High visibility 
The bright-orange colour allows 
astronauts to be clearly seen 
should they need to exit the 
' 7 i ee Ns ee, Spacecraft in an emergency. 
One-piece PS . e *. _ * - 
Unlike previous spacesuits, = ~% é ) 
the torso and legs are one 
connected piece. The 
astronaut enters from the top. 





Improved mobility 

1 Apollo astronauts had to hop on 
the Moon to move, but this suit 
will allow bending of the legs to 
walk and kneel more easily when 
conducting experimental work. 


m(O)AVANMAYAVLO]¢ cum 0 740, 
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are we going? 




















For the initial Artemis Moon well worth visiting. With a 
missions, the selected astronauts permanent shadow cast in the 
will likely fly to the Moon’s south dips of the crater, the low 
pole. This area has great potential temperatures make it a promising 
as it is believed to be home to the location for ice to form. 
highest abundance of water ice. If In fact, these permanently 
we can extract this water, it could lightless areas maintain some of 
be used to sustain human the coldest temperatures in the 
exploration farther into space, entire Solar System. Although it’s 
whether that’s a human hydration possible that water can be found 
source, rocket fuel resource or even on the Moon’s lit surfaces, 
cooling system for equipment. an area likely to have the highest 
Shackleton crater is a huge abundance of water is the best 
19-kilometre-wide depression in J ole) mm com-ie-lam(ele) diare mic) maelaaat=) a 
the Moon’s surface and a feature natural resources. 





















































: 3 Steven Swanson (left) prepares for the Soyuz TMA-12M launch 
‘i =. MiViida WAN (=) ¢st-] ale | @ps).0\/0) a exe)va@anl(e(e| (=) i=) ale) (=1e WAV aK=)aanY(-\ Cale] aim) 

G3 3 i oe Ze i. jn ee sy al wt Swanson has performed 27 

Bo oS Bao 8 ae Oo a hours and 98 minutes of 


rater is situated almost exactly on the Moon’s south pole 


Shackleton @ extravehicular activity 
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Between 1969 and 1972, six missions took place in which 
| Ad oY =Xo) 0) (= Wj nolole me) amaat-Boielar-(ex-Me)manl=M ly (elela mem] |/Melmanl=l00 
men. For such a high-risk mission, the most experienced 
astronauts were required, and at the time there were no 
women at NASA who had suitable test flight experience. 

For a long time space was viewed as an industry 
primarily for men, and it wasn’t until 1978 that NASA 
selected its first female astronauts. Today, 65 women 
have been to space, and this mission will serve as a 
claalialecslame)merar-lalelialemalanl=s-e 

While it’s currently undecided who will be chosen, it 
will be one of NASA’s astronauts who has already worked 
aboard the International Space Station. The team of 
astronauts is expected to be announced at least two 
years prior to the mission launch. 











The first class of astronauts to graduate under the 
fAVauslanlicm ©) cele] e-]aamiace (ele(stomcipennelaatcla 
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DID YOU KNOW? Artemis-generation spacesuits can withstand temperatures between -157 and 1e1 degrees Celsius 








The three-time NASA 
astronaut tells us about 
life in space and the 
significance of Artemis 


During his career at NASA, Swanson logged 
Over 195 days in space, undertaking five 
spacewalks. His three missions to the ISS 
include two Space Shuttle flights (STS-117 and 
STS-119) and one Soyuz flight (TMA-12M). 


How does NASA select astronauts? 
Nobody knows for sure. Really it’s up to the 
chief of the astronaut office to make that 
selection, and sometimes others depending 
on how high profile the mission is. But it’s 
partly just where you are in the queue, 
because we come inasa group together. The 
people who came in the group before will fly 
before you do. I didn’t think about an 
astronaut career until I was about 25. It took 
12 years from that point to become one, and! 
ended up working 11 of those years at NASA as 
an engineer. 


What's it like to spend significant time 
away from Earth? 

Ispent about six months in space, and it’s not 
tremendously difficult. Family and friends is 
the first thing you miss, but we could Skype 
and the communication with our families 
was good. You can get down periods, when 
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you get a little tired of it- you haven't really 
gone outside and the food gets old after 
a while. 


How do you prepare for a spacewalk 

on Earth? 

We have a big pool that we train in, with 
mock-ups of the outside of the International 
Space Station. Divers weigh us out to the 
point where we don’t float up or down. We 
just stay floating right there in the water with 
all of the tools that we would have in space, 
and we learn how to move in this 
environment. You go through all the 
protocols over and over again, and it’s a long 
training day. You do those six hours in the 
water uninterrupted and then a couple hours 
before and after for briefs and things. It’s 
really worthwhile and helps tremendously 
for when you do the real spacewalk. 


How much have the spacesuits improved 
for Artemis? 

The biggest difference is in the shoulders. You 
get the ability to really reach around and 
have more movement, like you would 
without a suit on. They also have better 
mobility on the legs. On the International 
Space Station you didn’t really use your legs 
much for anything, so it didn’t matter how 
much mobility you had in your lower body. 
Now it’s going to matter tremendously on the 
Moon, so they’ve modified the lower part to 
be more moveable. 


What changes can the Artemis crew 
expect in their bodies? 
The first thing we have to worry about is 
muscle and bone loss. Astronauts now work 
out two hours a day, so we do a pretty good 
job of mitigating that, but we still see some 
muscle loss. Bone loss is pretty much covered 
now. I only had one per cent bone loss from 
six months on board, and that was a good 
number. That comes back after about a year. 
In our experiments while we were up 
there, we found that 30 to 40 per cent of the 
astronauts are getting major changes in their 
vision, and we haven't figured out exactly 
why. That’s an ongoing process right now. 
There’s just many things that change while 
youre up there. We've known for a while that 
the immune system gets degraded, so we're 
very careful about being quarantined before 























we go so nobody takes any germs or bugs 
with them on the way up. You don’t want to 
get sick up there. 


What’s it like travellingina 

space capsule? 

Between the Soyuz and the Shuttle, the 
Soyuz was much smaller. The Orion is not as 
tight as the Soyuz, so they'll have a little more 
room, but it still won't be as roomy as the 
Shuttle. You don’t have a lot of room to stretch 
out and move around ina capsule, but you're 
usually pretty busy during that time frame 
making sure all systems are working well. It’s 
mainly a process of keeping the vehicle going 
to explore this destination correctly and 
keeping the vehicle safe. 











How significant do you think the Artemis 
program is? 

The real goal is Mars. And we will use the 
Moon asa test bed because Mars isa very 
difficult mission. It’s going to take almost 
three years, and you can't come home early 
ona Mars mission. It’s a seven- or eight- 
month journey to get there and you have to 
wait 15 months there for the planets to align 
correctly again before you return. It has to be 
very well thought out and the best way to do 
that is on the Moon. 

As well as Mars, we can also use the Moon 
as atest bed for other things - to see how we 
can actually gather materials from the Moon 
itselfand maybe use that to make our fuel. 


Swanson was first selected as an 
NASA astronaut in 1998 
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Hypemovae 
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How a collapsing star is one of the most destructive forces in the universe . : 


hypernova, also known as a collapsar, 
is an extremely energetic supernova. 
The two are not to be confused, even if 
their formation is very similar. Ina 
supernova, a star shears off its outer matter 
but leaves a new star at its centre, oftena 
neutron star. Ina hypernova, the force.of the 
explosion tears the inner star apart too. 
Hypernovae occur in stars with a mass 
greater than 30 times that of our Sun. Like in 
a supernova, as the star runs out of fuel it can 


no lenger support itself under its own gravity. 


028 How It Works 


It collapses and subsequently explodes, 
sending out matter in all directions. This 
releases more energy in seconds than our Sun 
will in its entire 10-billion-year lifetime. 

Hypernovae are incredibly rare. In fact, the 
rate of hypernovae occurring in the entire 
Milky Way is estimated to be one every 
million years, making the observation of 
these intense celestial explosions 
particularly difficult. | 

25 million light years from Earth, 
astronomers have found what appear to be 


id eCewasvrebel-DelecmeymsMeat-DeLmonigelsyaeloniccMmelcenislonnets 
new information about these huge 
explosions, but currently there are several 
theories as to what actually causes them. One 
school of thought is that a massive star 
rotating at a very high speed or encased ina 
powerfulmagnetic field explodes, ripping 
apart the inner core. Alternatively, some 
believe a hypernova could be the result of two 
stars in abinary system colliding with each ~ 
other, merging intogne atc holale mass and 
subsequently exploding. 
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DID YOU KNOW? A hypernovad Is about 100-times more powerful than ag supernova 











| Formation of 
Pye . | a hypernova 


A"d Ye imesme le) i ale me)am [atsi(e(-mual=i> 
alele(=m=),40)(e)<110) ais¥a 


STAGE 1 


Hypergiant 

A star greater than 30 
times the mass of our 
Sun can no longer 
support itself once it 
has exhausted its fuel. 








STAGE 2 


Super-heated 

The core grows super-hot. Once inwards 
gravitational pressure exceeds outwards 
radiation pressure, the collapse begins. 


STAGE 3 


Collapse 

As the collapse continues, the 
extremely high temperature of 
the compressed core starts a 
runaway thermonuclear reaction. 








to” ot a | = P * 
—— = The res Itis Ml Ablackholeis produced accretion disc, and shock waves produced as STAGE 4 
anda a A of energy is released in the jets plough through the stellar material. 
: ,. the form ofa gamma-ray burst, one of the The hypernova, whose luminosity is powered” 
? _ brightest known events in the universe. In by the radioactive decay of *°Ni, is the result of 
_ *™ fact, ahyperhova releases several million the explosionof the star. 
. times more light than all of the Milky Way’s 

stars put together. In this image a massive “ A mass [ Vi = sta r ‘ 
star collapses to form a rotating black hole : . 5 
emitting twin energetic jets, surrounded by ae) ta CI [) a ‘a C Cd Ver UY A l q| A puke g 
am eaeuon ise ot feos. tte ae . Sp eed explo des, MPppPlng nee oie parts of the star E 

. subsequently torn apart by vigorous winds of . : < - mplode A finaiinuice explocionbla- 8 
newly formed isotope *°Ni blowing off the ‘@ D OT C th Ciner core. the entire star into space. E 
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What happens when one asteroid impacts anoi 
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ibcoyeesateyvimasC-Mcreyecbe System there are works of science fiction portray asteroid belts 
potentially millions ofasteroids- - as dense areas of rock that are difficult fora 
“rocks left over from the formation of spacecraft to traverse. However, this is 
the Solar System some 4.6 billion years ago. -anything but the case. Asteroid collisions are 
-just waiting to be discovered. Some will very, very rare. The chance of two colliding is 
have been ejected from.a planet following a roughly equivalent to winning the lottery 
collision, such as the Pluto-sized ro) 0) (rel seven times in a row. Only one direct collision 
believed to have crashed into between two asteroids has ever 
Mars early in its formation. a ; been observed, with thanks 
TS Ot ae Others are the remnants of : Only OFIE going to the Hubble Space 


(now 354P/LINEAR) was 





failed planetary formation, | d fec C CO | | IS (s) [) Telescope in January 2010. It 








@| snapped by the Hubble Space 

&| Telescope in January 2010 - often unsuccessful due to the .. “‘~_j will most likely be many years 

ry fee a=W ilecier-}sie-)ee)(e mere) |[ile)amne _ , , between CWO - va 3 

Nae eet te servic effects of anearby body. One “oF 4 before another is seen, but that 

E culprit, Jupiter, prevented the CIS te Ol q S A (JS doesn’t make the study of these 

§ formation of another planet -PVver 5 Pe A collisions any less important. 

= between itself and Mars; . ee On the contrary, by having an 

Z eke hig batemd (ews bois) co) (om ol-) | O D Ser Ve d advanced knowledge of what to 

z With millions of asteroids : . expect if we see two asteroids 

G travelling through the Solar System-manyof collide, or seeing the aftermath ofa collision 

© these confined to the Kuiper Belt beyond: ’ we may have missed, we’ll be able to glean 

x y y | 

: Neptune and the aforementioned asteroid more information about their composition, 

: belt - it is often thought that collisions origin and importance in the Solar System 

S 
between them are frequent. Indeed, many - the next time we witness a collision. 





Types 


.. eens CFRACTURING = 
of collision 


There are many more small asteroids 
in the Solar System than large ones, 
so it is extremely unlikely that two 
Fe]ae[eWesoins)qe)(e (ome) mere) an] ®i-]a-19)(=6o174> 
will ever hit one another. Instead the 
(ore) | If=J(e) ae) mt= sia ale] | melsi k=) eye MUVina me) ai= 
that’s more than 50,000-times 
'o)(e(e(=1am cmanleleiamane)accmee)anlanle)ar 

For every million asteroids that.are 
0.1 kilometres wide, there are only ° | 
I OLOLOMV ile (=lannar-lame)arcm die)aalsiuacmelare! 








Approach 


If the incoming Most of the energy in 





just one bigger than ten kilometres. Approach Impact Debris asteroid is exactly the collision is used up 
For this reason, cratering is much Cratering occurs when the A crater ten times Ejected debris falls into the 1/50,000th the size in breaking the larger 
nate) c-mexo)aalanto]ament-lamie-leicelalare p incoming asteroid is less the size of the same orbit around the Sun of the larger asteroid, asteroid into pieces, 
Wialtoialelereliamate]e)el-1acmaaeleomeselelclaNMMme than 1/50,000th the size impactor forms as the asteroid, and thus it will cause a forming cracks across 





than shattering. But what are the of the larger body. 


ffacts of hj t? fracturing collision. the surface. 
eTrects OTF e€aCn IMpacCt: 


on the surface. can hit it again. 
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DID YOU KNOW? At least one new asteroid has been discovered every year since 1847 














Potato 


a =. _— Asteroids are usually ” 
a, potato-shaped because 
Asteroids _— ve they do not have enough Asteroids Ore 


mass to be squashed into composed of rocky 


WS comets Se ga =material and metals, 


What's the difference between =" whereas come ts ore 
asteroids and comets? = = made of ice 


Asteroids and comets are both 
remnants of the early formation 
of the Solar System about 4.6 
billion years ago. As of July 2019 . ale tabeeaah hae 
there were more than 6,600 | | Bl the orbit of Mars 
known comets in the Solar 
System, compared to around 
1 million Known asteroids - and 
there are thought to be many | | | 
millions more. ee ' ee es | Rare 

Asteroids are composed of ; as | Gornactserenaacn 
rocky material and metals, while . : ae 3 ; fccer ee.” rarer than asteroids 
comets are made of ice. It’s : ! ff so comet icone 
accepted that asteroids formed | adi oe - ee ff B are considerably less 
closer to the Sun than comets, ; 2 : | 3 7 frequent than 
because ice could not remain er o. He mre fe asteroid collisions. 
solid at that distance. Comets ' | ' | ; + 
that formed farther out and 
later approached the Sun lose 
more material with each orbit 
because the ice melts, forming 
a tail behind the body. Asteroids 
do not lose material, so they do 
not have a tail. 

Comets are often found in 
large, elongated orbits 
extending outwards up to FF ; / 
50,000 times the distance from ~ Ice on comets melts as they travel 
Earth to the Sun. By comparison, towards the Sun, leaving-a tail 
Neptune - the farthest planet 
from the Sun in the Solar , , 
System - is 30-times farther | | = ae. : Inside 
from the Sun than Earth. —_ * Boe MM Comets like thisone 
Asteroids are usually found | : : are composed mostly 
following a circular orbit around | , ; of ice, dust and small 
the Sun, grouping together in | i. a ee rocky particles. 
belts, like the asteroid belt | : 
between Mars and Jupiter, 
formed when the gravitational 
pull of Jupiter prevented the 
asteroids from coalescing into 
another planet. 









am Wl alicm [a ats\e(=me) mm Ore) a gl-1m07a74010) mer! 

(NEAT) was snapped at the Kitt 

Peak National Observatory in” | 
Arizona in 2004 
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© T. Rector (Un vers ty of A aska Anchorage), Z. Levay and L.Frattare (Space Te escope Sc ence Inst tute) and Nat ona Opt ca Astronomy Observatory Assoc at on of Un vers t es for Research n Astronomy-Nat ona Sc ence Foundat on 
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SHATTERING 


3 Debris 1 Approach 
The resultant fragments To an observer it is not The larger asteroid will 2 Impact 3 Debris 
don’t have enough energy to obvious that the be shattered into Like fracturing, the asteroid is The resultant debris will form 
escape the gravitational field asteroid is in pieces, pieces if the incoming broken up into pieces, but there is a group of smaller asteroids 
of the others, so they reform instead appearing to be asteroid is more than enough energy for the fragments around the same orbit as the 


into a ball of rubble. an intact asteroid. 1/50,000th its size. to escape its gravitational pull. original asteroid. 


(OND) Glaaielexes 
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Alexander the Great was declared a demi-god by the Oracle at Siwa Oasis 
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As one of the crowning glories of the empire of 


Rome, what remains of this ancient Egyptian city? 
Words by Scott Dutfield 


kingdom, transforming it into the most powerful 
city of the time. The city was filled with ancient 
Greek scholars and scientists and quickly 
became a hub of knowledge thanks to the 
construction of its famed library. That was until 
Roman legions gained control of Egypt in 30 BCE. 
Octavian, who later became the nOnae ves 


» tanding on the southern coast ofthe 
Mediterranean, Alexandria isa port 
metropolis filled with over 5 million 
residents. Thousands of years ago Alexandria 
was avery different place, though the echoes of 
its former glory have now fallen into the ocean. 
Founded by Alexander the Great, king of the 

















ancient Greek kingdom of Macedon, it was his knownasAugustus, claimed 98 
dream to build a city linking Greece and Egypt. thecityandEgyptitself _. 88 
After conquering Syria in 332 BCE, Alexander for Roman rule. 

marched to Egypt with his army in tow and However, it wasn't just 

found himself at asmall port town called the Romans that brought 


Alexandria to its knees. What's 


Rhacotis. Seeing the potential for his dream to 
left ofancient Alexandria now lies 


become a reality, this once-small fishing town 
fell to the wayside for the creation of one of the at the bottom of the city’s harbour. 


greatest cities in ancient history: Alexandria. Evidence suggests that during 
Alexander would only see the firstfew months the late eighth century CEan 
of growth ofthe city beforemarchingtoanother  epicearthquake rippled 
ancient port city called Tyre. Entrusting his through the city. The land 
vision to the capable hands of his viceroy subsided and walls of water 
Cleomenes, Alexandria was built from around created by the earthquake 
331 BCE. Alexander died in 323 BCE, and in his may have 
wake general Ptolemy took control of the new cast it 
city. Under Ptolemy’s rule the port city became 
important for trade routes between Asia and 
Europe and the base for the new Ptolemaic 
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into the ocean. This single event may not have 
been solely responsible for creating Alexandria’s 
watery grave, as several earthquakes and 
tsunamis wreaked havoc on the city in the years 
that followed, ultimately raising the sea levels 
around the Egyptian coastline. 


REDISCOVERING ALEXANDRIA 

Around 2,000 years after Alexandria was 
destroyed and dismantled by the Romans, its 
remains were uncovered after a French 
archaeologist, Jean-Yves Empereur took a dip in 
the Mediterranean ocean. During the mid-1990s, 


The Lighthouse 
of Alexandria 
was completed 







































Empereur was exploring modern-day 2 ? pe eee 

Alexandria’s harbour afterjoininganEgyptian o—-— > Aga OTE between 300 

documentary film crew. In 1961a massive, Ptolemy, also known as Ptolemy | Soter, sparked a dynasty of rulers and 280 BCE | 
Bere preys eet eee dge d up eh a that lasted for 275 years, the last dynasty of ancient Egypt © Alamy ¥ rah F : ee ‘ 
waters by the Egyptian Navy, sparking the idea | ae 

there might be remnants of the ancient city The Great Library 


This ancient library is thought to have held 
around half a million documents at its 
peak. It’s possible that the library was an 
extension of the Temple of the Muses, 
which we would today refer to as a 
museum, housing more than 100 scholars 
translating and publishing manuscripts 
from Greek authors and conducting 
scientific research. Commonly believed to 
have been engulfed by flames, the 
mysterious fate of this ancient library is 
yet to be agreed upon. 


below the waves. Suited up in diving gear, 
Empereur and his team plunged into the 
harbour waters, discovering columns, sphinxes 
and obelisks lurking beneath. 

Over the years Empereur and his team 
photographed and mapped more than 3,300 
pieces below the water, revealing Alexandria’s 
lost relics. Empereur was not the only one 
searching for remnants of Alexandria, however. 
Around the same time, underwater 
archaeologist Franck Goddio was trawling the 
seafloor on the other side of the harbour, 
discovering another collection of columns, 
statues and even the watery remains of the 
Ptolemys’ royal quarter. Although the two were 
thought to be archaeological rivals, their | 
combined work opened the world’s eyes to 2 Sea ae ae Bani i mee een 
Alexandria’s past and returned it to the present. Cleopatra’s sunken royal quarter 
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DID YOU KNOW? The empire of Alexander the Great covered more than 5 million square kilometres 


ALEXANDRIA REVISI 


Explore the monuments that made Alexandria the greatest city on Earth 








| Temple of Serapis 

| As Alexandria’s most important 
| pagan sanctuary, the Serapeum 
of Alexandria held the Temple of 
- Serapis. People gathered at the 

_ Serapeum to worship the 

| Graeco-Egyptian deity Serapis, 

: who was associated with the 

' Sun, fertility, and healing. 
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~ This was a human-made 
| Causeway, around 1.2 kilometres 
> long, connecting the Island of 
- Pharos to mainland Alexandria. 


“Alexandria now lies = 
ot the bottom of the 
city’s harbour" 


Lighthouse of Alexandria _Cleopatra’s palace 

_ Also known as the Pharos of Alexandria, this The remains of a once-great palace 
_ lighthouse once stood over 100 metres tall belonging to Cleopatra lay deep off 
- overlooking the harbour’s waters and the busy _ the coast of the Island of Pharos. 
city below. The lighthouse stood for 1,600 _ Cleopatra ruled Egypt trom this 

- years on a small patch of land called the Island [) = Palace as the last emperor of the 

_ of Pharos. The ancient iconic structure was | Ptolemaic dynasty between 51 and 
_ created by the Greek architect and engineer ©) 30 BCE, before committing suicide 
_ Sostratus of Cnidus and is now deemed one | on the eve of Octavian's conquest 
of the Seven Wonders of the Ancient World. my of Alexandria. 
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Words by Scott Dutfield eat, Oe 


t’s one of the world’s most consumed _ ; 

alcoholic beverages, with 1.6 billion bottles 

drunk each yearin the UK. But how long 
has wine been guzzled, EWICOM Conia CBimritels (-¥ 

Wine is made from fermented grape juice, 

with an array of different fruits and spices * 
Yolo lstemne) diversify flavour. It undergoes 
several stages of production before reaching 
your table, such as crushing and pressing the 
grapes and fermenting the liquid by adding 
sugar before bottling. What gives wine its 
boozy punch is the fermentation that occurs 
when the yeast in the grape skin feasts on the 
added sugar, producing alcohol. This is the 
basis for winemaking, or vinification, which 
has remained relatively unchanged for 
thousands of years. From the clay vases of 
ancient Iran to the mass production of 
riteleCsygatretshmretsy a (ommrianetcwetctmels(syeMelelan(s6 
throughout the ages. 

The first instance of wine being made is 
still unknown, but some of the earliest 
evidence of wine production dates to around 
6000 BCE. While excavating a site in the 
Georgian capital, Tbilisi, archaeologists 
discovered fragments of jars that contained 
residual compounds of ancient wine. 

Though this indicates that wine was 
around at that time, we don’t really know 
how people made it until we look towards 
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has changed:ever thousands of years 


23: 
Egypt around 5,000 years ago. As pioneers of 
so many industries, the people of ancient 
Egypt were also excellent winemakers, 
Vid elovedameyelutmaehiccUiaimetstommetsme)Csr-t10b sme) 


drinking it. Cultivating the land to grow 


bountiful vineyards, Egyptians are believed 
to have been one of the first civilisations to 
devise a system of crushing grapes - via 
foot-stomping - collecting the juices and 
fermenting with sugar to produce the boozy 
beverage. Ancient Egyptians were also the 
first to label and date their wine. 

Using just their feet for hours of stomping, 
slaves of high-ranking members of society 
pummelled grapes in a large vat. The juice 
was then bottled and fermented before it was 
drank. This simple yet effective approach to 
winemaking continued for thousands of 
years, alongside more mechanical methods 
of mass production. 

From 31 BCE, during the time of the Roman 
Empire, wine exploded in popularity and its 
production rapidly increased. One of the 
largest Roman wine presses was discovered 
in Piesport, Germany, measuring 44 metres 
in length and 20 metres wide. The press 
worked in a similar way to those of the 
ancient Egyptians. However, 130 workers 
could crush grapes at once to produce 30,000 
to 40,000 litres of wine each year. 





ANB Corie bemccreevele)coycatacCoaiccbelacremmcreneblomt 
Romans’ ability to make the most of their 
grapes. Using heavily weighted beams anda 
corkscrew-style wooden press, Roman 
wineries such as those found in the vineyards 
of Juffer-Sonnenuhr, Germany, were used 
throughout the Roman Empire. 

These were the first mechanically aided 
wine presses, but the mechanical screw and 
press went on to feature as the predominant 
method for wine production, booming in the 
Middle Ages across Europe with the creatio 
of the basket press. As a compact version off 
the Roman invention, this press used a 
basket bound with metal or wooden rings 
PWALOMsMielereCsveMOlomMetsmMilcctwe aa (cemeleiiael | 
crushing the grapes within. With each new 
century that followed, varying designs of the 
basket press have sprung up. 

By the 1830s the industrial revolution was 
sweeping Europe and the US, bringing with it 
a new era of winemaking and a mechanical 
makeover for the basket press. Innovative 
inventions such as the automatic hydraulic 
accumulator - with heavy-duty preloaded 
springs and fluid chambers - made manually 
screwing down the lid ofa basket press a 
thing of the past for commercial wineries, 
ultimately paving the way for modern-day= 
winemaking machinery. (te 
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DID YOU KNOW? There was red wine residue found in Tutankhamun's tomb when it was opened by Howard Carter 











Vineyard Stas 
weaving p Vineyards were generally planted wVE< 
cute Y POSECEEE Trampling near rivers or water basins and on i val 
naturally occurring hills, providing a 


a | = —lae Grapes were dumped into 
Lyf a | » Harvest : 
large stone vats, where they | much-needed sunlight and regular 


"> Once grapes were ripened, : 
maevaamvilal> % ee vessel, ® would be crushed beneath pss sft = grap p 2 water for optimal grape growth. 


' MM «1 fant of un to <x sl which takes around three to 
discover how wine was Se Se OE eee a: roe <4 four months, they were picked 
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al Sieving 
- Any pulp or seeds were 
sieved out by hand in 
— the collection wells to 
prevent them entering _\) aan ; ) S, 
the fermentation jars. | Sa ~," _s9eale 
, ih : While the fermentation 
typically took place in 


Collection ' | it NY f open vessels, towards the 
The grape juice burst from the TM toe a. end dy ile nti 
broken flesh, flowed through at ms : ave 
holes in the vat and into smaller with holes to allow any 


stone collection wells for bottling. rola nee dices 
in fermentation to escape. 








Pressing basin 
Ts pon atte : | Grapes which had already 
h low. the 2 Romans sdysezed every last fos icelan theirs grapes experienced human treading 
et yt", a. “e : were placed under these large 
- a a wooden baskets and further 


Applying pressure squeezed ror their juice under 
Around six metres in length, this their increasing pressure. 
an wooden beam was positioned 
—— \ between two wooden supports : 
anda large screw to allow the —— at Fermentation 
- beam to be pulled down. | F or mo 4 + Pressed wine was bottled in 
| oF | ') © ceramic containers and left to 
~ ferment - often being buried 
' to control the temperature 
- before being dug up and sold. 
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Turning the screw : a 

- Ditching stomping for pole bile me er ae Te Treading pool 
pushing, men would turn this ae: = > © Large quantities of harvested 
screw clockwise to pull the = ArH ets = > === = grapes were dumped into these 


beam above down, in te ee ~—ools. Workmen would stomp their 
_ forcing the pressing basin > ee / =" juices out, which then ran into the 
down on the grapes in the vats. [i meneeees — | ~~ ~~ collection pools below. 
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The Eiffel Tower 


Arguably one of the world’s most 

































































































































































Original blueprint | eee 


recognisable landmarks, the gine = 


This blueprint was drawn 
up in 1884 by engineer 
Maurice Koechlin. 


Eiffel Tower is a celebration of 


science, engineering 
and art in unison 


he Eiffel Tower was the 

brainchild of French 

structural engineer 
Alexandre Gustave Eiffel, who 
proposed a 324-metre tower for the 
capital’s Champ de Mars, costing 
the city $1.5 million, for its World’s 
Fair. Work began in January 1887 
and took two years to complete. 

To begin with the framework was 
assembled ina factory, and in total 
about 300 workers joined 18,000 
pieces of puddle iron to produce 
parts of the frame. When the parts 
were ready they were transported 
to the Champ de Mars, where 
welders secured each segment 
in place. 

As the tower grew, moveable 
platforms were propped into place 
on the intermediary levels, not only 
to enable the workforce to weld the 
latticework together, but for their 
own Safety. The tower features 
exposed latticework and consists of 
two main parts: a2.54-acre base 
which compromises a platform 
sitting upon four individual legs, 
known as pylons or bents, anda 
tower created as the pylons incline 
towards each other, rising upwards 
past asecond platform, which then 
merges into one long column. 

The shape of the tower was 
engineered using a mathematical 
calculation involving wind 
resistance. Eiffel reasoned that the 
tower had to counterbalance the 
wind pressure applied on any point 
by spreading the tension between 
the construction elements at that 
point. Therefore the tower's 
curvature revealed two 
exponentials: a lower base section 
that delivers stronger resistance to 
wind forces, meaning the tower 
will only sway at a maximum of six 
to seven centimetres in the wind. 
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31 March 
1889 


On the tower’s 
inauguration, Gustave 
mimic) mellianlercremuonaal= 
ixe)e muon e)f-lalamuala 
maclaleamitclep 


3rd floor 
(276 metres) 


Carpenters set to 
work laying the third 
floor, with no fatal 
lorole(-\aiasmelClalale 

(ore) asia au (eusle)an 


Marte Mi Cele) 
(115 metres) 


Floor two was 
assembled using 

cranes that took the 
same route as the | 
elevators. ‘ll m1 the Le 








f Paris job nientlin: 
_ More than 18,000 parts 

— were built in Eiffel workshops 

in Levallois and assembled | 

on site by 132 workers. 
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The Millau Viaduct 


Location: Spans the River Tarn 
near Millau, southern France 
Constructed: 2001 to 2004 
Architect: Michel Virlogeux and 
Norman Foster 

Use: Four-lane cable-stayed road 
bridge of the A75 

Size: 343 metres high; 

2,460 metres long 

Fact: With one of the mast 
summits reaching 343 metres, 
it’s taller than the Eiffel Tower 





Statue of Liberty 
Location: Liberty Island, New 
York Harbor 

Constructed: 1876 to 1886 
Architect: Fréedéric-Auguste 
Bartholdi 

Use: A gift to celebrate the 
independence of America 

Size: 46 metres tall 

Fact: Christened ‘Liberty 
Enlightening the World’, the 
statue was gifted by the French 
people to America for the 
centennial anniversary of the US 
Declaration of Independence 





Pont du Gard 
Location: Vers-Pont-du-Gard 
Constructed: 19 BCE 
Architect: Marcus 

Vipsanius Agrippa 

Use: Aqueduct constructed 
during the rule of the Roman 
Empire to carry water from the 
Fontaines d’Eure springs to the 
Roman city of Nimes 

Size: 49 metres high; 

2/5 metres long 

Fact: Today it is one of France’s 
top-five tourist attractions and 
was added to UNESCO's list of 
World Heritage Sites in 1985 
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History ofNASA -—»-Ageof Discovery 


This is the story of how and why NASA Imagine a map where the borders of 
was created, its greatest triumphs Europe are detailed and defined, but 


and darkest days, of the times it the fringes of Africa and Asia are barely 
exceeded hopes and the times when sketched out. They simply fade into 
hope was utterly crushed. It’s a story nothingness. The Age of Discovery 
of adventure, heroism, resourcefulness changed all that. Europeans set out to 
and of the greatest achievements in explore the globe, encountering other 
human history. This is the story of how advanced civilisations. In All About 
this iconic agency has consistently and History Age of Discovery, you'll meet 
tirelessly devoted itself to its founding the men responsible for colonising 
principle, that “activities in space should the globe and examine the profound 
be devoted to peaceful purposes for the consequences of European exploration 
benefit of all humankind”. that still resonate today. 
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The longest known beaver dam spans just over 850 metres in Canada 





TOWERING TER 


rguably this is one of the most 

impressive animal architects 

on this list. Only a few 
millimetres in size, when these 
ant-like insects work as one they can 
create monuments that reach over five 
metres tall. Over a year the millions of 
termites in a single mound can shift 
around a quarter ofa tonne of soil to 
create their homes. Inside this nest 
are tunnels and chambers that form 


_ 
ah a i 
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Termites prefer warmer 

temperatures and can — 
be found across 

Northern Australia 
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at Entrance : 

97 ate. » There are many Bey 
aS m openings at the 

~~ base of the mound 

é for termites to 

collect food. 









an underground insect city. What’s 
interesting about termites is that they 
cohabit with another organism, a 
fungus called Termitomyces. In this 
symbiotic relationship the termites 
feed upon the nutritious waste of the 
fungus’ digested wood. The fungus 
gets free lodging inside protected 
underground chambers and the 


termites get a healthy meal. It’sa 
Win-win situation. 
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Cooling cellar 
At the very base of the mound, 

almost two metres below ground, 
i, is aseries of thin plates to absorb 
4 ground moisture for temperature 
regulation in the nest above. 
























_ Inside the 
_ termite hill 


Discover the metropolis within 
these mounds of dirt and dung 


































Central chimney 
Inside the mound are a network of 

~ tunnels connecting to the central 
chimney. Air moving through the 
porous walls and into these tunnels is 
then filtered down to the lower regions 
of the nest to keep it ventilated. 


Foundations 
_ Mounds are built using a mixture of 
~ soil, termite saliva and dung. This 
also means that the walls of the 
mound are porous, allowing air to 
move in and out of the structure. 


Fungal gardens 

As fungal farmers, termites 

.% create wood stores in the 

: nest for fungus to feed 

4 upon. The termites will then 
7. \ feed on the more digestible 

»~ and nutritious food 

| produced by the fungus. 
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Royal 
chambers 
This is where the 

/ queen of the termite 
colony resides. Her 
job is solely to 
reproduce. She will 
produce thousands 
of new colony 
members during 
her lifetime. 


Termite city 
\, Termites spend their 
lives at the base of the 
rity mound, creating and 
| maintaining the many 
| tunnels and chambers 
that form the nest. 
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Weaver ants are also known as green 


. 7 ants due to the colour of their abdomen COURTSHIP CREATION 


4 : 4 | Scurrying around the Australian forest 
; floor are a diverse group of feathered 
architects called bowerbirds. In an 
attempt to attract a mate, these 
blue-eyed birds gather twigs and 
branches to construct a U-shaped 
‘bower’. Often mistaken for a nest, this 
platform of twigs is simply a stage for 
the male bowerbird to perform on. 
Male bowerbirds will also decorate 
their stages with berries, shells and 
pebbles, although this differs between 
species. Once a female is in the 
vicinity of the bower, the male will 








WEAVER ANT 


Found throughout Asia and Australia, weaver the nest. This is repeated until a cocoon-shaped 
ants work hard together to createhomesamong _ nest is formed, which can be as large as 70 

the leaves. It’s very much a team effort when centimetres in diameter. However, curling 
constructing a weaver nest. Asingleantwillhold leaves over one another is not enough to createa 
onto one edge ofa leaf with its back legs and stable nest. They must also be somehow stuck 
stretch out towards the other side, hoping to together. As an ant’s version of cement, a sticky 


grasp itinits mandibles. Ifthe leafistoowidefor _ silk excretion produced by the ant larvae is used 
the lone ant to reach, thenanantchainbeginsto  tostickthe leaves together. While ant chains are 
form. Ants clamber over one another, holding holding leaves in place, another ant marches 
each other’s ankles until the edges ofthe leafcan around with larvae between its mandibles and 
be reached and curled over to form the walls of rubs silk around the construction. 





steal anything blue for their bowers 
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It can take ovenbirds 
two weeks to three 

months to construct 
their homes | 


| STONE NESTS 


One group of birds has ditched branches for clay. As 
feathered potters, ovenbirds, like rufous hornero, sculpt 
their homes from dirt and clay and allow the Sun to bake 
them dry. As their name suggests, their clay nests 
resemble a stone oven, but rather than housing a bubbling 
pizza, it’s built to raise ovenbird offspring. The nest 
consists of two chambers, one at the entrance and the 
other tucked away around a corner. This design allows 
three to four chicks to shelter from the elements, out 
of view from wide-eyed predators. These nests 
are commonly seen in trees and on other 
structures such as telephone poles and 
electrical posts. Ovenbirds will only 
use their clay homes once, however, 
so once their offspring have flown 
the coop, abandoned nests are 
taken over by any other birds that 
wanta free home. 





The Sun acts like a clay kiln, baking the 
mud until it forms a solid structure 


Olena 


DID YOU KNOW? Panamanian termites can shut their mandibles at over 250 kilometres per hour 
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Wasps inethe family 
Vespidae construct 
paper nests 

© Getty 


Tigerwing 
butterfly 
Inside this metallic 
cocoon Is a tigerwing 
butterfly pupae 
metamorphosing 
into its adult form. 
The cocoon is not 
actually made with 
metal particles, 
but instead a 

shiny substance 


5 PAPER PALAGE 


Bees and wasps are known for their exquisite knowledge of 
geometry, creating perfect hexagons within their wax-filled 
nests. However, some species, called paper wasps, build their 
hexagonal homes from paper. These wasps aren't stealing 
from your stationery cupboard, however. Their bodies are 
their own paper-producing factories. By chewing up wood 
fibres from surrounding trees and fences, they produce a pulp 
that they mix with their saliva. This forms the foundation for 
around 200 individual honeycomb cells to make up their 
home. However, these are not forever homes. During winter 
these nests degrade, anda new nest will have to be rebuilt 


each spring. 


_ Each of the 

| hexagonal cells 

~ishome toa 
developing 
wasp larva. 


Platforms 
Inside the wasp nest there 


. are several platforms of 
_ hexagonal cells that occupy 
» the main body of the nest. 


Orange-tip 
butterfly 


The chrysalis of this 
butterfly mimics the 
appearance of a leaf, 
either seen as green 
or brown, preventing 


predators from 
spotting the 


developing pupating 
caterpillar inside by 
blending in perfectly 


e 
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¥. 
Pillars 
Each platform is 
connected via 
| comb pillars to 
allow worker wasps 
to move between 
platforms and feed 
growing larvae. 


Temperature control 


The paper-like envelope of the 


| 4 y Y i €3 nest, along with pockets of 


trapped air running through its 
walls, keep the nest at the wasp’s 
preferred 31 degrees Celsius. 
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False burnet 
moth 

For a little bit of 
added protection, 
moths belonging to 
the family Urodidae 
not only spin a silk 
chrysalis but also 
create an open 
mesh shield that 
swings like a 
pendulum from 








called chitin. with its surroundings. a leaf. 
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ENVIRONMENT 


UNDERWATER GIRGLES 


They’ve been called the crop circles of the sea after divers in 
Japan first spotted these strange sculptures drawn in the sand 
back in 1995. It would be 18 years before the underwater 
architect was revealed. It turns out that these geometric 
creations are the work of small pufferfish - males to be precise 
- and are built to attract the attention of females. Flapping their 
fins furiously, these marine flirts throw up the seafloor sediment 
to create ridges and valleys in circular patterns. These unusual 
sand sculptures are around two metres in diameter. If a female 
likes what she sees, she will lay her eggs in the centre to be 
fertilised by the male. 
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Caddisfly larvae attach to rocks using ome 
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THE MYSTERY OF SILKHENGES 


Unlike a common spider web, these leaf-bound ‘silkhenges’ are 
not made to catch prey, but to protect the eggs within. Typically 
spiders can produce hundreds of offspring at one time, but the 
unknown spider that spins this silk structure only produces a 
single or twin offspring, which emerges from the central spire 
surrounded by a silk fence. It’s presumed that these elaborate 
constructions are built to protect the infant spiders from 
predators such as parasitic wasps. No one has ever witnessed a 
spider construct a silkhenge, though scientist Phil Torres 
recorded the birth of two spiders last year. DNA comparisons of 
the infant spiders are yet to match any other species on record. 


These ‘silkhenges’ can be found on 
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Flying around the UK, there are almost 
200 species of caddisfly, a moth-like insect 
that dwells around lakes and rivers. Adult 
caddisflies aren’t well versed in natural 
architecture, but as larvae they are skilled 
builders. At the start of a caddisfly’s life, 
its larval stage is a soft-bodied insect that 
lives underwater. To protect themselves 
from lurking predators, these marine 
EVatc(eneoystioat(amarelclelerekiaectjpettmelepete 
from riverbed rocks, wood and 
sediment. To stitch these materials 
together, they spin silk secreted from 
Y glands at their mouths. Some species 
of caddisfly will fix their shelters to 
rock faces using their spun silk, while 
others stay mobile to hunt for food. Those 
that remain on rocks or vegetation use 
their silk to cast silken nets to capture 
passing food particles. The larvae will 
remain in these makeshift homes until 
they are ready to pupate and 
metamorphose into their final adult form. 
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DID YOU KNOW? Ruby-throated hummingbird nests are around the same size as a thimble 





Beavers can be 
oll ale me] qelelalemunr= 
Vie) a (ome lamaal-m Ole 
Spain, France, the 
US and Russia 
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lodge is made of sticks, 
Every animal needs a place to live, and for beavers that mud and grass. Inside a beaver’s dam 
place is a wooden lodge that can only be accessed via an 
underwater entrance from a beaver-made pond. It’s an 
elaborate way to build a home, but for beavers, it works. a 
x Living chamber 

After piling mud and stones on a river bed, beavers use ) atta amy D Tncrecrcicually ote 
their bright-orange and razor-sharp front teeth to gnaw Re a ie Pe ee es eight beavers from the same 
idavaeyvted ohudcthwavbolcest-veleRoy-\-4beu ube (ctbelcacNel-beohoyeunel= * MO y family living in a lodge at one 

time, called a colony. 
river bed. This blockade creates a deeper pond and the 
foothold for their live-in lodge. Adam can stretch several 
hundred metres anda couple of metres high. In creating 
dams, beavers not only serve themselves, but also 
benefit the surrounding ecosystem. Dams ultimately 
provide new wetlands, preventing soil erosion and 
Sable) oLeyqunarcmitsven-beleu-sesle)avle)tsbemolejelvercleleercn 


River home 2 
A beaver’s dome-shaped  - water lodge 


, Drying room : 

» There are separate e 
areas for the beavers ~~ _ Beavers access their lodge via a 
to dry off before ? = | = submerged entrance. They can hold 

/ moving to their dry 

* beaver bedrooms. 







OEiaay 


aM al=)a-mers] am el-malelale|qsvelcmeymnas\=somlalice)hVi-vem ia 
creating a single beaver dam 
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Words by Ailsa Harvey 





Under the limited light of the Moon, discover 
the creatures that thrive in the night 
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Human eyes are built for operation in bright daylight and will struggle to see 
anything ona night lit solely by moonlight. Some of the animals that are active at 
night require better sight to stay alive, and their eyes have evolved accordingly. In 
general, the eyes of a nocturnal animal will be proportionally larger than a human’s. 
They work to let more of the limited light in, with widely dilating pupils. 


a an Refined retina 
WEeceeeeeetaat ec&vesS The retina at the back of the eye 
» contains cones and rods, different 
types of light receptor cells. Cones 





What makes nocturnal 


mammals’ eyes better are useful when light is bright and 
equipped for the night? = help to make out details, while rods 
process motion and other visual 
information in low light. Nocturnal 
2 ~ es mammals often have proportionally 
oe =| more rods, and some nocturnal 
f | animals have no cones at all. 
; a Wide-eyed iw f 
yr \ human’s conscious life is largely TROevele r 
/7_\\ dictated by the position of the Sun. usually large to 
S “Awe have learned to rise with it and provide more 
to ies room for the 
sleep shortly after it dips below the pupil to expand. 
horizon.Why do we do this? It’s because | This wideness 4 
our species depends on visible light to Melee tie ae 
. . 2 brightness of | 
navigate through each day. = Ae imeccen . 
While we are walkimg to workin the» . the retina. 1 at : 
= a: Mp i — | Tapetum lucidum 
morning sunshine or relaxing in the A\ ff —.- This additional layer of cells 


“ss has a shiny surface and can 
F reflect light back through 
= F's the detector cells. This 
increases the chance of an 


evening as the light begins to fade, other 
animals are hidden away in their dens 
and burrows. They are waiting for 


darkness to fall. When it does, anew image being detected, 
awel mwas providing more than one 


community of creatures comes out to play. e | 
These masters of the night carry 

adaptations that give them an advantage 
during the colder and darker hours. If you 
were to intrude on nocturnal life with the 

a ' Tubular focus [lf 1 
light of a torch, you'd likely see a variety of WU RiietRererfer carne rene //}}} ——_ 
wide, glossy eyes staring back at you. eye covers a larger area, the lens ofl) 
These big eyes give an advantage to sits inside this elongated eye. 

' ’ f - } This enables it to focus light 
animals by allowing them to utilise every | ontoaconcentrated area at the 
av voobeetsy meymoedelmhiccvel-le)(cmicokelevaensels back of the eye as it passes 
activity of the night. through the thinned shape. 

Some other animals avoid the daytime 
as the lack of illumination gives them no 
disadvantage at all. They are blind to light 
anyway Aw rely on omer, epentened Sclerotic ring 
senses. With ways of feeling, smelling and These rings of bone 
hearing nocturnal homes and help to support the 
neighbours, read on to discover some of eyes shape. Holding 


: ' : them firmly in place, 
these night-navigating superpowers. inateves Cont movesin 


| | ais A exposure to the light. 
Tubular-shaped eyes provide 
owls with night vision 









Pecten ocull 
An eye designed to draw in light can 
be vulnerable when exposed to lighter 
the socket. Instead the conditions. This structure of blood 
owl rotates its whole a 7 vessels protects the eye from 

head 2/0 degrees. brightness while nourishing the retina. 
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For snakes that hunt during the darkest hours of the 
night, spotting a tiny, scurrying mouse in the pitch black 
might sound like an impossible task. In reality, some 
snakes have an incredibly advantageous signalling 
system in their heads: they are able to see heat. 
Warm-blooded rodents are a large portion of a snake’s 
diet, and with mice only giving off a small amount of body 
heat, this navigational skill is efficient and quick enough 
to allow precise and successful hunting at night. By the 
time the snake pounces, the mouse has minimal chance 
of spotting their impending death in the dim conditions. 


Sensory 
/ membrane 
This membrane is packed 


- with thousands of sensory 
| cells, which are stimulated 


These holes between the | by the infrared radiation. 


\V(owro] ale Mu al=m alessiud|me)geule(= 
the brain with extra = 
sensory information @ 





Infrared radiation 
The heat detected from the 
prey enters the pit organ 


Inner cavity 
This cavity insulates 
the sensitive 
membrane from the 
back wall of the pit. 


through holes in the snake’s 
face. It then reaches the 
exposed membrane. 


Stargazers 


The night sky presents patterns and 
points of light in the form of stars. In 
ol=ye [U1 N|i0) More) ald e-[-) miko da(=W oe) t-(o1 @ ef-(e7.(el ge) on 
it is no wonder that some species are 
drawn to their glow. Stars can help to 
guide animals in different ways: seals can 
recognise the unique patterns, some 

ol me t-mery=m- Mod lalel (sm e)alelalm-je-) mm comilalemeal=) (a 
way and dung beetles follow the path of 
the Milky Way’s spiral arm. Unlike seals, 
insects are too small to be able to notice 
revered aM lace iva(eler-] mj e-] em olelmmual-M (Ulan aveler 

oy ]alemeda=t-1k=1e Mm o\Vmoll| met-|t-) O\m—-w-| ann iwea(=y-] 5 
rVaColecelamuom eo) mo) i(e(-Meliaz\ead(e)am-lavem <-(2) 0) 
idatsvonmance)alacemlam-B-iae-lielalM@ lacey 
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. each lighting insects’ paths | 






ULyialem ialamelacve mel (eater 
snakes have been able 
to successfully pounce 

on prey while their 
eyes are covered 


= “ 
~, =. 
: ss ~~ =—2 
F hs “te ™, 
: ~ “aa? * * 
= _ 
sy, 
— i 
i — So Oe “ts 
| eo * ~ 
=] + —- 
Messengers oe 
Heat detection : — 
information Is fired to 
the brain through the 
nervous system. The \ 
specific part of the brain ‘ ~ %, 


is the optic tectum. 








/ABOUT 


NIGHT-VISION 
ANIMALS 








Response 

The brain combines 
messages from the 
pit organ and eyes to 
incorporate heat into 
the snake’s view of 
its surroundings. 










Owl 

At the back of their eyes, these 
birds have almost a million rods per 
square millimetre. ln comparison, 
humans have just 200,000 of 
these photoreceptors in total. 










© Science Photo Library 
; Fruit bat 
Said to have the best vision of 
all flying mammals, fruit bats 
combine enhanced night vision 
with their keen sense of smell while 
hunting for food. 


Outer cavity 
Because this area is about as wide 
as it is deep, the images from the 


membrane can be blurry. Elephant hawk-moth 


These moths not only have eyes | 
that can see shapes well at night, | 
but also colour, being able to 
distinguish between colours in 
low light. 





There are an estimated 100 to 
400 billion stars in the Milky Way, 

Tarsier 

This small primate has adorably 
large eyes, roughly the same size 
as its brain. Though they can’t see 
colour too well, their massive eyes 
mean they can see in extremely 
dim light. 


capil 
“i 


Colossal squid 
At 27 centimetres in diameter, 


these beasts’ eyes are the size of 
footballs, and are the largest on 
Earth. At the dark depths of over 
2,000 metres underwater, they 
need their expert night vision. 
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DID YOU KNOW? Incomplete darkness, bats can locate objects as thin as ag human hair using sound alone 






Echolocation 


Soaring through the sky, it’s essential for animals like bats to know 
id at=yiem eLes-tia (ele Miama=i(-la(e)amcemeldar=) mme)o)(-oa-mmn sal demi lealin-vemii-j(e)aMmiMnelel(e| 
be easy to hurtle at high speed into a tree or another obstacle. This is 
WV] a2) g =m =Xer ave) (oler-|u(e)a mere) nn(=-e la F 

The majority of bat species use this strategy when they leave their 
roosts. Instead of viewing their surroundings, these animals listen to 
the objects around them by sending sound waves out from their how would you walk to the door? Chances are 
mouth or nose. The pitch of this sound varies between species, with 

you would put your hands out in front of you, 

To) aarem eo) aelelU roll ave mox=1e 6 (=)ploxss-m co mexe)'(21at-]|Magz\e(U(=) nel (-t-e 
Generally, a low pitch is used for objects at a distance, > feeling out your way to safety. Animals use the 
while high frequencies present the bat with more detail | Same method, but witha more technical and 


of its surroundings. This includes the size and position . = efficient system. 
fo) mi t=] 0 (ome) 0) (=lo1u-Pmr-] ale dal=Mel|q=loud(e)am-]alem-jel-\-1e me) mante lace : : 8 ded 
=, © Sensitive whiskers on the snouts of animals 
= Sa : such as lemurs, badgers and dormice can aid 


objects. When these waves hit something, the echo : 
dats] Wi koM olelel a(ox=lem oy- er. @liomel(or (cle MeloMo\ man (=M oy-] M-M=)-] 6 a ; 

| : foraging in the most complex habitats. Spending 
most nights in the dangerous heights of the 


and analysed by its brain. “a 
What do the ; ae: . K Rise trees, hazel dormice need these feelers so that 
Waves Sa ? < . out are ata they know where gaps lie between branches. 
y: | 


Ifyou were stuck ina completely dark room, 













a 


higher pitch : : 
era emer They move their whiskers ina movement called 


can hear ‘whisking’. Brushing backwards and forwards 
in acyclic motion, this is one of the fastest 
movements made by mammals. Special facial 
muscles found in whiskered 
animals allow these 
Speedy movements 
so that the whiskers 
can constantly 
brush against 

sXeye(o) arom aale)tatcm (ele) ,qnxe) mV o10l-] mel alelaat<|q.ecemrels) surfaces asthe 

VAV{211 irs lois] ated NVA ale mma a(om ©) tclals) meow aatcle}alcid(emal=y(e| animals travel. The 

uneven surfaces 

surrounding them 

are detected by 

hundreds of motion 

sensors in these 

modified hairs. 


Still object 

When sound reaches an object, it’s deflected in the 
opposite direction. The time between sending and 
receiving the sound tells the bat how close something is. 


The largest 
dormice can jump 
three metres 


Moving away 

When the object detected is moving away from the bat, 
the returning waves will produce a lower pitch than that 
sent out. 


Magnetic mapping 


WmYLolUMAY(=W=\1(=) me) ol=Jal=emVolllamy ii ave(e\uimels see] ada woMmaarelelarsidcoma(=\(emce)manliele-idelap 
night to see a moth mindlessly following ANCoyatemiidamarecendelwar-lihvmanlielecidiiremelineie 
id at=Mifelaiamlalcem'colel am aelelnn mmole mant-\\m ol= these creatures are able to find specific 
icoke)(=Vomlalmomaalial dlace mantel aman (st-iom [a iaved a locations in the country. 

ake hY=me(=)¥(=) (0) ol=em r=] a allemllanlincye| It is believed that these insects have 
navigational skills. The truth is that small magnetite crystals within their 
moths are extremely well-evolved to nervous system which are extremely 
fly at night, using a sense called sensitive to Earth’s magnetic field. This 


magnetoreception. Telarc] megat-lare (=m idem aarsmanleldemomel(asvead(eln 
Australia’s bogong moths were the first — of flight, allowing them to check their 

insects discovered to have a built-in position with Earth’s and keep them 

compass, allowing them to follow the nteyeleflaemevamantsmalelslMmilcelaimey-idaP 


Moving closer 

Objects approaching the bat will return each sound wave 
closer together, producing a higher pitch than that 
originally produced. 
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at makes these 

| beautiful creatures 
such consummate 
experts in the 
business of killing? 


he big cats aren't a single biological 

grouping. It’s an informal term that 

includes the lion, tiger, jaguar and 
leopard (Sometimes called the Great Cats), as 
well as the cheetah, cougar, snow leopard 
and clouded leopard. (The three kinds of 
leopard actually belong to three different 
genera and aren't very closely related, despite 
looking quite similar.) Big cats are all apex 
predators that hunt large mammals using 
their excellent camouflage to keep hidden 
and powerful muscles to catch and dispatch 
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their prey. 

An antelope runs on the very tips of its feet, 
which allows it to have a much longer stride 
and means it is very fast. Cats can’t do this 
because they have claws instead of hooves, 
and they need to retract them to keep them 
sharp. To catch hoofed animals, the big cats 
must run with their entire spine flexing to 
help elongate their effective stride. It’s a very 
energetic technique though and cats can’t run 
fast for long distances. This in turn pushes 
them to be stealthy in the approach and 


/ .. 


variety of other noise: 










and retreat as it waits Ant ri = 
death, a cougar will leap\ ve the 
1s Rfsicnt through the 
sie Dite. 
ar of a big cat ig 7 
the speciall 
orating as the cat 
ats can do it. Th 
leopard have no roar, but they do make a 
, including chirps, 
screams and growls. All of the big cats are 
able to climb trees. Leopards are the 
strongest climbers; indeed, an adult male can 
haul a young giraffe almost six metres (20 
feet) into a tree. This skill enables big cats to 
protect their kills from hyenas and other pack 
scavengers that might steal them. 

It’s easy to think of animals this 
magnificent in terms of being ‘perfectly 
adapted’, but in fact hunting large animals is 
incredibly difficult and all apex predators 
hover perpetually close to the brink. If they 
were anything less than brutally fit, they 
simply couldn’t survive at all. 

























ah and snow 
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DID YOU KNOW? A leopard will eat anything from a dung beetle up to a gookg [e,co0lb) giant eland 


iVieet the 


Tiger — S Type: Mammal 


Type: Mammal Diet: Carnivore (eg Thomson’s 
gazelle, monkeys) 





Type: Mammal 
Diet: Carnivore (eg deer, elk) 


Life span in the wild: 
8-10 years 
Diet: Carnivore (eg wild boar, 








water buffalo) H Life span in the wild: Weight: 80kg (176Ib) 
: : : 18-20 years Height: 0.75m (2.5ft) 

Life span in the wild: 

20-26 years Weight: 60kg (132Ib) Length: 2.4m (7.9ft) 

Weight: 240kg (530lb) Height: 0.65m (2.1ft) Able to roar?: No 

Height: 1m (3.2ft) Length: 2.1m 6.8ft) 

Length: 3m (9.6ft) Able to roar?: Yes 


Able to roar?: Yes 





| Clouded leopard | 
Type: Mammal 


— Diet: Carnivore (eg hog deer, 
brush-tailed porcupine) 








—_ r Life span in the wild: 
al | .) leh a a | 7-10 ie 
rh oun i Weight: 189 Gow 
ad ia Height: 0.33m (ft) 
SJ al . Length: 1.8m (5.9ft) 





ON THE MAP 


How the big cats are 
globally distributed 


Able to roar?: Partially 








Lions: Sub-Saharan Africa, and a 
single population in the Gir Forest, 
northwest India | 





Tigers: India, southeast Asia, Type: Mammal 









southeast Siberia i Diet: Carnivore (eg goats, ibex) 
Cheetahs: Sub-Saharan Africa, plus Life span in the wild: 

a small population in Iran | 15-18 years 

Cougars: West Canada, central and | Weight: 41kg (90lb) 

west USA, plus most of Central , Height: 0.6m (2ft) 


America and South America 
Length: 1.9m (6.2ft) 


Jaguars: Central/South America 
Able to roar?: No 








Leopards: East/central Africa, 
pockets of the Indian subcontinent, 
southeast Asia, China 


Snow leopards: Hindu Kush, 
Himalayas, Altai Mountains and 
Khangai Mountains 








Clouded leopards: 
Southeast Asia, Nepal 









i 5 
Cheetah : 
Type: Mammal Type: Mammal £ 
Type: Mammal Diet: Carnivore (eg Thomson's Diet: Carnivore % 
Diet: Carnivore (eg caimans, Seo Inala) eg Ngee eZ oey E 
capybaras) Life span in the wild: Life span in the wild: < 
Life span in the wild: lel years BOHLer esis . 
12-15 years Weight: 55kg (120Ib) Weight: 200kg (440lb) 
Weight: 75kg (165lb) Height: 0.8m (2.6ft) Height: 1.2m (.9ft) r d . : A 
Height: 0.7m (2.2ft) Length: 1.3m (4.3ft) Length: 2.2m (7.2ft) of a { sf \ 
Length: 2.2m (7.2ft) Able to roar?: No Able to roar?: Yes 4 oF 


Able to roar?: Yes ‘ 
i F ) d 
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Want to kill something three times your size? Here’s what you need... 











- Tae 


Flexible spine 
Acts as a spring when 
pouncing and increases 
the effective stride length | 
by flexing when running. 


Markings | 
Stripes, spotsanda_ 
contrasting light belly | 
help to break up the} 
animal’s outline. 











Tail an 
Accounts for a third a 
of body length. Used | 
for balance and as a 
rudder when 
changing direction 
at high speeds. 


B=] 


- , | 





ical 
nat 
_—. 






PE, 
ieee 
ae 


Whiskers 


striking prey to provide acc 
touch sensitivity when the 
is too close to see. 





See 






Cheetahs, in 
- them out for 


Whiskers swivel forwards when 





22a 
~~ Retractable claws 


sas Most cats pull the claws in to 
keep them sharp when running. 















’ Ears 

| Independently 

™ movable to locate 
| prey. White spots on 7 @ 


the back are used to 


® signal to other cats. 


. q 
Be 


urate 
cat 


contrast, leave 
extra traction. 


EE 











Forward- 

facing eyes 
— Binocular vision for 

~~ accurate distance and 

speed perception. The 
reflective tapetum 
~~ lucidum layer behind 
the retina gives 
excellent night vision. 


: Pee 


Whe, 
b a 


. , : 
7, 



























Vomeronasal 
organ 
The roof of the 
mouth has special 
receptors for 
_ detecting 
pheromones. Cats 
‘grimacing’ are 
-* ‘smelling’ with their 
~ vomeronasal, or 
*_| Jacobson’s, organ. 










__ Incisors 
. =. These huge teeth are 
-. tte = _* used to puncture 


: (0) 

eee ee Skulls, sever spines E 
— a al 7) 
a , and crush windpipes. = 
i “te v 

=z co ae ; e) 

= =, io Be “4 2% See] © 
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Asudden dala 
anda downhill 
a 17:3 0 leap secures 
06:30 Beginstostalk spor, 
Drinks froma 08:40 aherd of 19:00 
pool of glacial nee h Himalayan mie 
Pte eturns to the blue sheep rags the aa 
te rocky crevice where a (bharal). ~~ carcass toamore atte ar, 
joee edo i he left his mate. fo , protectedspot. 
Pee tg . ) } 4) hes a a eee. = yy ‘s . let | =) i 
- , Sw \ , Pall 
06:00 <= “ ¢ ae 
IntheHimalayan 08:00 11:00 16:30 / 19:30 
February Spends4ominutes  Mates12-36 —Duskisfalling. em Spends the rest 
pre-dawn,amale fruitlesslytracking times today, Emergesagain ofthe night 
snowleopardstirs. aharethrough sincesheis toventure : devouring the 
the snow. in heat. down - 7 entire animal. 
mountainside. 
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DID YOU KNOW? Tf you shave a tiger of its fur the skin beneath will still be stripy 


What’s on the menu? 


Hunting big game is an erratic profession. Cheetahs 





Big cats generally hunt between sunset and dawn. They are ambush predators that ror= Tame t=)ar=lecl IN mnatclatcle (=e Mol OM ol-) mox=) a] M10 (oxox =\-S-¥ e-] R= 0) U1 we | 
move silently through dense undergrowth using their excellent vision and hearing to tiger may only kill its prey one time in every 20 
spot their prey before their prey spots them. Although they are all incredible sprinters LISS MES. (Se WCE Unt Ee) OLS SS 9) IEG 

oe i the most of each kill. Lions will eat 30 kilograms (66 
big cats lack stamina. A cheetah may exhaust itselfso badly in a 60-second dash that it pounds) of meat in one sitting, while jaguars can eat 25 
needs half an hour to recover and most cats will give up if they cannot run down their di Koye Tas] pakcmGovom olelUlalel-) emr- Mali ae Mey maat=)(muolelehVMny-)(ela le 
quarry in 30 seconds. Accordingly, they always attack from a position of advantage, that is the equivalent of you eating over a hundred Big 

; : Macs in one sitting! After a meal like that, lions, tigers, 

leaping from cover ora tree branch, etc. Tigers will even launch attacks from the colgarsand cnowilccnardaicanlaoionupite twon con: 
riverbank into the water and are strong enough swimmers to take on crocodiles. without eating again. Big cats are all quite 


opportunistic hunters. As well as their favoured prey of 
medium to large herd animals, they will eat monkeys, 


Strangulation How lions hunt rodents, lizards, porcupines and birds’ eggs. Many cats 


The most common attack technique, used - especially the forest dwellers - will also eat insects 












by all big cats, is to lunge at the neck and Lionesses work as a team to efficiently and a small amount of fruit and vegetation. 
clamp down on the windpipe with 
powerful jaws. This cuts off the air supply bring Gow large prey on he eavanian 
and prey that is already out of breath from and provide food for the entire pride 
the chase quickly loses consciousness. 
1 Stalking 


The fittest one or two lionesses 
approach from downwind and 
may spend an hour or so inching 
slowly closer and closer. 





© Dreamstime 
a . ‘ai, 7 - 




















2 Flanking 
manoeuvre 

Some females make a wide 
sweep around the herd and 
find a hiding place in the 
longer grass, out of sight. 


Asphyxiation 

Another way to achieve the same result is 
to take a wide bite and clamp over the 
victim’s mouth and nostrils, so it can't 
breathe. Lions and occasionally leopards 
will use this technique on antelope, butit 
isn’t suitable for larger prey like zebra. 


3 Sprint attack 
When they are within 


roughly 30m (lOOft) of the 
closest member of the 


Neck breaking 
The largest cats can leap on the back of an 
animal and bite right through its neck, 


severing the spine. This paralyses the 7 Shared kill herd, they will launch a 
victim instantly and ends the struggle, but If there is a successful kill, sudden high-speed chase. 
it requires tremendous bite force. Lions, the male eats first, then | _ 

tigers and cougars all use this method. the lead hunters, followed 


by the rest of the pride. 


Artery slicing 

In the chaos of the final lunge, a cat may 
miss the windpipe of its prey and instead 
slice open the carotid artery. This isa 
slightly slower kill but it still gets the job 
done, as the victim will bleed to death. 


The paw swipe 

Lions and tigers are so strong that they can 
kill merely with a swipe of their paws. 
Tigers in particular have been witnessed 
swiping at adult domestic cattle with 
enough force to shatter the skull. 


4. Killer leap 
Running alongside to 
avoid the dangerous 
hooves, the lioness 
will leap and try to 
PC knock the buffalo to 
Skull piercing ibis 
The jaguar has the strongest bite of any cat | 
—twice as powerfulas the much larger lion. 6 Distracted prey 


This may have evolved to enable them to The buffalo’s focus is so fixed on 5 Outfielders 
bite through the shells of turtles, but getting away from the initial The females lying in wait will 
jaguars also use it fora unique finishing attackers, they pay less attention launch separate attacks on the 


move: their canine teeth can puncturean 


to what danger lays ahead. 
animal's skull and pierce the brain. 


herd as it runs past them. 
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9 TECHNOLOGY 


Why ts fracking bad? 


Controversial but effective, hydraulic fracturing enables us to tap into shale gas 
reserves trapped deep underground, but how does this mining process work? 


S we exhaust more easily accessible 
natural gas reserves, countries across the 
globe are increasingly turning to shale 
gas. But how do you release gas that’s 
imprisoned in millions of tiny pores inside shale 
rock, deep beneath Earth’s surface? The answer 
is hydraulic fracturing, or fracking. 

Fracking involves drilling deep into rock and 
pumping a highly pressurised jet of water, sand 
and chemicals down the wellbore. This forces a 
network of tiny cracks to open up and spread 
through the impermeable rock, allowing 
pockets of gas within the rock to seep out. 

The main ingredient that makes up fracking 
fluid is water. Since water is incompressible, it 
can pass on the extreme pressures needed from 
the pump to the shale rock over 2,000 metres 





Fracking in action 


below. Sand or ceramic beads act as ‘proppants’, 
holding the cracks open after the pressure drops 
and while the gas is collected. 

Finally, a cocktail of different chemicals is 
added. Their uses range from averting 
microorganism growth to preventing corrosion 
of metal pipes, maintaining fluid viscosity and 
reducing friction during extraction. 

Hydraulic fracturing was first used in the 
1940S, but is far more efficient today. The advent 
of horizontal drilling in the 1990s, for instance, 
made wells far more productive, making the 
operation economically viable. 

While fracking has allowed governments to 
unlock previously unreachable and abundant 
Shale gas resources, it has sparked concerns 
among some geologists and conservationists. 


Take a closer look at how fracking releases shale gas from rock 


1. Drill 


A drill creates a horizontal wellbore 
up to three kilometres long. 





2. Instruments 

Instruments behind the drill make 
measurements so the drill’s path can be 
steered to follow the shale formation. 







3. Casing 
The wellbore is lined with steel 
piping, held in place with cement. 
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4. Perforation gun 
A perforation gun then 
punches holes through the 
casing and into the rock. 


8. Gas escapes 
Gas flows into the wellbore 
and back up to the surface. 


7. Freeing gas 

The fissures create pathways, 
releasing gas from the 
impermeable shale rock. 


A fracking well uses millions of litres of water 
per frack, putting pressure on local water 
resources. Around half of the fracking fluid 
remains in the rock, and although much deeper 
than groundwater, some fear it could, over time, 
contaminate drinking supplies. The fluid 
recovered at the surface also needs to be 
disposed of safely. Finally, geologists must 
ensure fracking sites are far away from fault 
lines, since they can increase the likelihood of 
earthquakes and tremors in at-risk areas. 


‘A fracking well uses 
millions of litres of 
water per frack, 
putting pressure on 
local water resources © 





5. Fracturing 

High-pressure fracking fluid - mostly 
water and sand - is injected into the well, 
opening up fissures in the shale rock. 








6. Cracks 


* Grains of sand lodged 
in the cracks keep 
them propped open. 
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Gas componies add mercaptan, which smells like rotten eggs, to make odourless natural gas detectable 


Wastewater 
Recovered fracking fluid is kept 
aside for disposal or recycling. 





Drilling for shale gas 


Take a trip deep down inside a shale gas wellbore 










Storage 
Water, sand and chemicals 
used in the fracking fluid 
are stored at the surface. 
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Wellbore 


_ Engineers drill a 

~ deep vertical well 
through layers of 
sedimentary rock. 


Groundwater 
Underground water 
reserves are found 
down to a maximum 
depth of about 150 
metres, far from most 


shale formations. = Several layers of steel piping 


cemented into the borehole 
isolate it from groundwater 
to prevent contamination. 


— 


ee 
Toe 
Fracking operations 
begin at the toe 
Shale rock - the far end of the 
Gas is trapped in the wellbore - moving 
pores of impermeable . down towards the 
sedimentary rock | heel in stages. 
generally over 2,000m | 
underground. = (se 
Plug 
While the fracturing takes 
place, plugs contain the gas 
7 : underground until it is ready to 
Kick-off point 


be collected at the surface. 
About 150 metres above the shale formation, 


drilling is angled horizontally to maximise the 
amount of gas that can be accessed. 
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ake a look around you. Practically 
i everything that you see which is 

human-made can be recycled. 
Everything from this copy of How It Works 
you're holding, the wooden table you're sitting 
at, the fabric of the clothes you're wearing, the 
battery in your mobile phone, the components 
of your computer and even the materials that 
make up the building around you... But not 
everything is recycled - why is that? 

What can and can’t be recycled is quite an 
expansive question, but for domestic purposes, 
it depends very much on the recycling facilities 
available to your local authorities. Materials like 
paper and plastics - as long as they aren't too 
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contaminated — can be processed and baled into 
a raw material ready for reuse. Metals - 
especially more valuable ones like lead, copper 
and aluminium - are highly sought after. All 
these materials have unique recycling processes 
that have been an established part of 
manufacturing for over a century, with scrap 
metal merchants and salvage yards forming a 
significant industry all of their own. 

Many scrap electronics can be stripped down 
to make new products too. Car parts can be 
salvaged and gold can even be extracted from 
computer chips. For some materials, such as 
mercury, heavy metals like lithium and 
electrolytes in batteries, recycling might not 











make financial sense, but because of their toxic 
nature, recycling them is a legal requirement. 

In this feature, we check out the specialised 
machinery and processes that take our daily 
refuse and turn it back into products that we can 
use again and again. 


‘Aluminium and 
Copper are recovered 
with a magnetic field 

that repulses non- 
ferrous metals" 
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Source: Defra (2006-7) 


Most batteries can be recycled, including lithium/zinc rechargeable batteries and those from a car 


UK refuse 
breakdown 


HIW reveals the various materials 
which make up annual household 
waste in Britain 





®@ Waste electricals: 2% 
Textiles: 3% 
Wood: 4% 
® Metals: 4% 
Mi Glass: 6% 
® Plastics: 10% 
Garden and organics: 16% 
Mi Food: 18% 
Mi Paper and card: 23% 
@ Other: 14% 
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been processed, it can be 

melted down to make new 
__ products time and again 


. | 























Glass recycling 


Glass recycling is an old industry that has glass can’t be removed. The glass is washed 
evolved over decades. A large proportion of and often passed through a ferrous metal 
glass still makes up household and industrial removal machine to capture any metal 
waste, most of it bottles and glassware. Glass contaminants that could damage machinery 


from bottle banks and household recycling is and taint the quality of the final product. The 
collected and taken toacullet processing plant. glassisnext passed through a belt crusher that 
Manual sorting separates metal and plastic pulverises it to a uniform grade. The material is 
contaminants as well as the various glass now known as cullet and is ready to be made 
colours: chemicals used for different coloured into new products. 














Cullet mix 
Up to 70 per cent of 
the raw material for 
new glass is cullet. The 
remainder can be 
made up of sand, soda 
ash and limestone. 


Furnace 

The materials are 
mixed and heated in 
a furnace at around 
1,400 to 1,540 
degrees Celsius. 


Mould 


Melt glass for 
bottles is poured 
into a mould, where 
it is allowed to cool 
and solidify into its 


new form. Conveyor 


Once the glass has been 
remoulded, a conveyor or 
roller system carries the 
object away, giving it time to 
cool before being packaged. 


Sheet glass 
Sheet glass has a different 
composition to bottle glass 
that makes it stronger, 
though windows can still be 
made from recycled glass. 
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SURT ITO 


How are recyclables 
mechanically sorted? The 
EcoTowersort separation 
system divides the rubbish 


2 Ferrous separation 
A powerful magnet in the second 
stage picks up ferrous metals - 
containing high quantities of iron 
- and drops them into a hopper. 





















from the good stuiff 3 Eddy current 
separator 
Aluminium and copper 
are recovered with a 
1 Vacuum magnetic field that 


repulses non-ferrous 
metals, ejecting them 
down a collection chute. 


The first stage of separation 
uses a vacuum to suck fluff 
and light waste away from 
the bulk of the rubbish. 


4 Sensor 
separator 
The fourth stage 
uses a high- 
precision magnetic 
separator to pick 
out stainless steel. 


Rubbish | 


collection 
¢ Fluff ee 
SDnEL Stainless steel 
collection : 
. Ki Rubbish 
Kitchenware F T : 
¢ Scrap electronic parts errous collection 
» Nails collection 
Kev: ¢ Containers 
ey: ¢ Food cans 
- Aluminium ° maine 
} ; materials 5 Fine separation 
aa Wire and fine metal For the fifth and final stage a 
= high-sensitivity magnetic 
Rubbish separation system picks out Wire and fine 
mum Stainless steel any tiny pieces of non- metal collection 
: : ferrous metal, like wire, that ¢ Scrap electronics 
mam Ferrous (iron-rich) may still be in the waste. ¢ New cables/wires 
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Recycling one plastic bottle saves enough energy to power a GoW light bulb for three hours 






































































































































































































































A bottle 


Recyclable waste 
We use around 20-times 
more plastic than we did 50 
years ago. Currently about a 
third of the plastic bottles 


Collection 

The local council collects 
your rubbish. In some areas, 
recyclables are separated on 
the lorry during collection, 
while in others they are 
placed together and sorted 
at a later stage. 


Sorting 

A reclamation yard, or 
materials recovery 
facility (MRF), will sort 
the plastics from other 
recyclable materials. 


Bale sale 

Balers squash plastic 
bottles and turn 
them into cubes that 
can be sold to 
reprocessing plants. 


Some drinks bottles are 
recyclable, but others 
aren't - often because 
they have already been 
recycled once. Recyclable 
plastic usually has a 
recognisable symbol. 


General waste 
Depending on the 
country, up to 
two-thirds of all plastic 
bottles don’t go to the 
recycling plant. 


Landfill 












- or worse, the ocean - 
could be recycled. 


Aluminium 
collection 

¢ Drinks cans 

¢ Kitchen foil 

¢ Scrap electronics 
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We still live in a disposable 
society: 80 per cent of the 
things we send to landfill 


we bin are recycled. 


Decomposition 

Newer, biodegradable plastics 
can break down within a few 
years, but most plastic takes 
around 450 years to decompose. 





Plastic wasted by a 


family annually 


Cost of aluminium 
thrown away per year 


O% 


The amount of glass that 
is recycled in the UK 


















Reprocessing 
The reprocessing plants 
sort the plastics 

according to the various 


















types. It then washes f +++++++-4 
| | #6000060 
and chips the plastic , oe , 


into flakes or pellets. 






New products 
The recycled plastic is 
heated and remoulded 
in order to make new 

products, like clothing. 


Recycling in numbers 


250 million 


trees saved if all US 
newspapers were recycled 





trees to make one 
tonne of paper 


recycled PET bottles can be used 


to make an adult's fleece jacket 


How long it takes fora 
nappy to decompose 
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father 
of GPS 


Bradford Parkinson is the 
engineer behind the navigation 
system that we rely on daily 








ir Force Colonel Bradford Parkinson was 
lead architect for the Global Positioning 
System (GPS) program. In1973 he 
convinced the US Air Force of the value of anew 
satellite-based navigation system. By building 
satellites and experimenting to improve them, 
Parkinson and his team provided the world with 
accurate positioning, navigation and timing 
services. The first GPS satellite was launched 
into space just 44 months after the team’s 
program was approved. Parkinson went on to 
become a professor at Stanford University in 
1984, the same university that he graduated from 
witha PhD in guidance control navigation. There 
he continued to explore the multitude of 
applications his team’s satellite service could 
achieve, including robotic tractors. From the 
maps on our phones to real-time aircraft 
positioning for pilots, Parkinson’s lead role in 
this groundbreaking technology has resulted in 
some declaring him the ‘father of GPS’. 





How did you get into engineering? 

I don’t think I ever thought of myself as anything 
other than an engineer. It was not a serious 
question to me. When! was young, I made 
electronic amplifiers from scratch. This was 
back in the era of vacuum tubes, and they were 
all discrete components. I went to the US Naval 
Academy in Annapolis and education there was 
principally engineering, so I felt right at 
home. I graduated and went out in 

the Air Force as an engineering 
officer, and there I was 

trained in aircraft 


avionics. j j ait 
bP 








© Queen Elizabeth Prize for Engineering 


Whose idea was it to create GPS? 
There had been a previous satellite navigation 
system called Transit. It was, by our standards, 
quite crude, but it was worldwide. GPS can 
provide 24/7, 365 days a year coverage to the 
whole Earth, and Transit couldn't do that. It 
would give you a relatively crude fix once every 
two or three hours. It was good enough for some 
Navy ships, but it wasn’t good enough to land 
aeroplanes. Astudy was done, and12 techniques 
were highlighted as ways to navigate using 
space satellites. We selected the hardest, which 
provided four dimensions: latitude, longitude, 
altitude and very precise time. 
Two important 

breakthroughs had to 
occur. First we had to 
come up witha signal 
that was very unique. 
Back then we were 
experimenting witha 
new signal that was so 
quiet that if you looked 
at the radio spectrum 

you wouldn't 


J iA 








Parkinson served 21 years 
in the US Air Force 


see it at all. Now everyone accepts it as a GPS 
signal, but there was great scepticism that it 
could be good enough to navigate. Today we 
navigate to a millimetre with it. 

Secondly, we wanted the satellites to go 
around the Earth, be autonomous and have 
clocks with stability better than one second in 
300,000 years. We were trying to measure time 
to a fraction ofa billionth of a second. 


How did the Air Force respond? 

The Air Force did not want this system; they 

fought it tooth and nail. I gotina lot of trouble in 

the Pentagon. I remember the two-star general 
taking his finger and sticking it in my chest 
and saying: “Parkinson, if you keep 
advocating this your career is going to go 
down in flames.” 


Why didn’t they want it? 
They wanted aeroplanes, not satellites. It 
cost a lot of money, and they couldn't 
envision what precision would do for them. 
Even after we ran the tests and met every 
single one, the Air Force still tried to cancel 
the whole thing. Now the Air Force fully 
embraces it. The reason the signal is so 
reliable - and itis very reliable at 99.98 per 
cent on any given satellite, and for the whole 
system even better 

















DID YOU KNOW? GPS was first introduced to qutomobiles in 1996, helping drivers navigate 


Network 

GPS uses a 
network of over 
30 satellites to 
ensure its signals 
can reach a device 
located anywhere 








—is because it is operated by young Air Force 
sergeants and lieutenants. Everyone says that’s 
not a good idea, but these are great people, really 


_ GPS satellites 


Time 









contain 
extremely 
precise atomic 
clocks to 


good people. I’m proud of them. 


How did the Air Force come to accept it? 
They were forced to accept it. It turned out Dr Mal 
Currie, who was in charge of all the development 
for the whole Department of Defense, had come 
to our offices. He was a bright guy witha PhDin 
physics. I spent three hours with him - it was 
just me, avery young colonel and group captain, 
and the Defense Department’s development 
leader. And at the end of that time, he emerged 
and became a champion of us. 


Who was on your team? 
Within my office there were 50 or 60 Air Force 
officer engineers that I had hand-picked. In 
almost all cases, they were officer engineers who 
worked with real hardware. They typically had 
master’s degrees from MIT, 
Stanford, Michigan - the big 
engineering schools. Six of 
us had PhDs. This was an 
extremely competent group 
of people. When asked ifa 
lot of people worked for me, 
I like to say they were 
working with me. They 
were working for me, but 
these were the kind of 
people you admire, and I 
trusted them. It was sort of 
like combat. 


What other challenges 
did you face? 
Early on I realised I was getting really stressed 
leading this, but I had a solution. At noon! 
wouldn't eat lunch. I would go and run. I’d been 
in the office from seven to noon, and by that time 
the problems had gotten pretty thick. Running 
was sort of azen thing. I would contemplate the 
problems, and by the time! came back to the 
office I knew what to do. It was important. 
Usually I’d run alone, but because my schedule 
was full, my guys knew that if they couldn't get 
in to see me, they could run with me and talk 
about anything they wanted. On Fridays we'd all 
start running asa big band of10 or12 of us, and! 
was a pretty fast runner back then. We were 
doing these big two mile loops, and I would hold 
it at eight-minute miles. The guys that had 
something to talk about would run the first two 
miles, and those who could would run the next 
two, until there was just one lieutenant. Boy, was 
he fast. As soon as everyone else left, we’d pick 
up the pace and finish off the ten miles. I got into 
marathoning, and! would say at least a dozen of 
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on Earth. 





Multiple sources 

Four satellites are needed for each GPS 
reading. Each sends a signal detailing 
the exact time the signal was sent and 
the location of the satellite. 


i a 


Parkinson received a Queen Elizabeth 
mad VA-mce) a tale lialzx=)alacemiamAe) bom celaa alls 
contributions to GPS 


my officers became marathoners. They did have 
a saying: ‘Run for your career’. 


Before GPS launched, what did you think 
the most beneficial application would be? 
I knew that the Air Force in World War II had to 
do, in essence, carpet bombing. What was called 
‘precision weapon delivery’ was if they dropped 
a bomb within a quarter mile of the target. And I 
was saying: “Let’s do that within 30 feet [nine 
metres].” Precision was the number-one purpose 
in my mind, so that when the military decides it 
has to take out a target, that it was that target, 
and not a mosque, oraschool ora hospital. I 
called ita weapon system for humanity. That 
sounds strange, but to me that’s what it was. 
Ialso recognised that there were civilian 
applications. From the get-go I declared that 
there was going to bea civil signal available. We 
weren't going to guarantee accuracy, but it was 
going to be available. Within 24 hours of turning 
that satellite on, the students under Peter Daly at 


~ +measure time. 

























Working it out 


The receiver works out the exact 


Signal was sent and the time it was 
received against the speed of light. 


the University of Leeds, UK, became the first civil 
set to use the very first satellite we launched. 


Are there any current GPS applications you 
didn’t expect? 

There’s all kinds of them. I knew we could 
position to a metre or two, and I knew there was 
a technique to get down to millimetres, but it 
involves a signal-processing technique that I 
didn’t think was robust. Engineers proved me 
wrong. If you can do that, you can use it for 
automatic landing of aeroplanes. In your cell 
phone there isa little chip that costs about $2 
[£1.50]. It has roughly 10,000 times the capability 
of the receivers that we built for a quarter million 
dollars. Ifyou have accuracy, and it’s cheap and 
affordable, all of asudden the whole world opens 
up. It’s a tribute to engineers who keep building 
on the previous generation and making things 
bigger, better and cheaper. I didn’t expect these 
applications. I envisioned some things, but at the 
time I envisioned them it demanded both that 
the accuracy would be improved and that the 
cost had to go down. 


Design the next QEPrize trophy 





The Queen Elizabeth Prize for Engineering is a 
global prize that celebrates the successes of 
modern engineering. If you are aged 14 to 24 
with a talent for 3D design, the next trophy could 
be designed by you. Scan the QR = | 
code for details on how to enter OF 
the ‘Create the Trophy’ hy : 1h ‘be 
competition. Closing date for = OL 
entries is 21 December 2020. Be 
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Taptic Engine 
~ Made using recycled 
rare-earth metals, the 
Taptic Engine detects 
your fingers’ taps at 
different pressures as 
well as creating 
vibration notifications. 
It is bigger than that in 
the previous series. 


© iFixit 





Inside the Apple 
Watch Series 


How It Works peeks inside the 
latest wearable fitness tracker 





mart watches enable wearers to manage Magnetic core 
and track their fitness, message and call & 3 aac sical 
contacts, consult a voice assistant and the watch during 

more — all from a single wrist accessory. Working charging, and is 

as a portable and accessible extension of your lee an 

mobile phone, Apple’s watches have become the | 

highest selling wearable tech products in the 

world. The latest addition to Apple’s smart watch 

series was released in September 2020. 

But what can this watch do? Thinner than its 
predecessor, the Series 6 monitors your health 
during both the day and night. Tracking the 
wearer’s movements, it comes with a built-in 
altimeter, constantly providing you with your 
elevation in real-time. This comes in handy with 
the compass application, adding an extra 
element to its potential as a navigational tool. 

Many Apple Watch wearers use the device to 
monitor their workouts, and this model has 
made changes to improve this function. While 
there are few major changes to the design from 
the Series 5, one is a longer lasting battery to 
limit the likelihood of battery drainage cutting 
short any fitness analysis. 





Rubber 
The watch’s sleek design and the ability to ) | materi Af 
navigate personal applications at the touch ofa | , To reduce impact, the 
finger work seamlessly - the tech gets to know backplate and bezel 


, found around the 
your own body better than you do. We've display is rubber-like. 
deconstructed the device to assess its discrete 
components and discover what makes this 


watch tick. 


Bright display 
Previous Apple Watches 
are dimly lit, brightening 
when the user raises 
their wrist, but the 
always-on default mode 
of this series means it is 
two-and-a-half-times 
brighter when the 
wearer’s wrist is down. 





Water 

resistance 

This is the first Apple Better battery 2 
Watch to use Fully charging in 1.5 hours means - 
liquid-crystal 


the S6’s battery is an upgrade in 
speed, while still maintaining an 
18-hour battery life. They come in 
two sizes: 40mm and 44mm. 


polymers and is 
water resistant up 
to 50 metres. 
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The new Apple Watch can detect when you are washing your hands and displays a 2o-second timer 





































































































| | 
Time liece Rear sensor 
Red, green and infrared light can detect 
tear own biometrics through skin, such as how much 








What tech keeps Apple’s oxygen is in the wearer’s blood. The 
ay photodiode senses how this light is received 
M new watch ticking beneath when it bounces back to the device. 


its touchscreen? 
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S6 package 
20 per cent faster than ee 
the S5’s, the brain of this ait 
watch is covered ina mii 
protective hardened resin. 
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The watch takes 
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The watch can display your sleep 
activity during the night 
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WORTH OVER 


This month we are giving away a fantastic bundle of gadgets, 
games, books and tech to one lucky reader! 


For your chance to win, answer the following question: 


VaV/ atoms som uat=W il ecimeats|aMcemc-||@elaman(-Mivs(ele) alg 


a) Neil deGrasse Tyson b) Neil Armstrong c) Tim Peake 


mpicclme)aliiarcwsle and one lucky winner will win! 


N=) gaatow-)alem xe) avelid(e)alsHm@xe)anl el-1a inl) a mei (ol>{-s-mr-] a OLO MOON C1\\/ mola ll Wau DL=\o1=] nn] 01>) aC PAO =)\\ant-] <lalem oy-] aml ammalimere)an|ex-veid(e)amycele me] q=\-mKom ol-m olelel ale )’mnal=t-{-mK=) a aatcm-| alemexelale|iu(e)atcw-|alemua(=m@xe)anlelsiaiule)a 
Rules: www.futuretcs.com. Entries must be received by 00:00 GMT on 17/12/2020. Open to all UK residents aged 18 years or over. The winner will be drawn at random from all valid 
entries received, and shall be notified by email or telephone. The prize is non-transferable and non-refundable. There is no cash alternative. 
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Learnsore shpcking facts behind the 
everuday enefgy We take for granted | 


EVahtmersrejellammenpedcqeyi 
electricity as something you 
buy from the power 
companies, but as well as coming out 
) of the wall socket, electricity is one of 
the many ingredients that make up 
the universe. 
Everything in the universe is made 
of minuscule atoms, and these atoms 


1h 

\\) consist of a nucleus orbited by one or 
AY more electrons. These electrons 

\N 
i! 


Wy cleus is positively charged. 
. 


tarry a negative charge, while the 


Inside 
an atom 


Atoms are held together by 

electricity. The positive nucleus ’ 
attracts negative electrons. Thetwo \ 
cancel each other out so the atom has ~ 
no electric charge 
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We're all familiar with the effects 
of static electricity. We are not often 
aware of electricity around us as the 
positive and negative charges usually 
balance. When certain objects touch, 
electrons can jump between them. 
For instance, when you rub a balloon 
on your hair, electrons will jump 
across to the balloon, giving the 
balloon stationary negative charge, 
or static electricity. Static electricity 
relies on electrons not being able to 
move around easily. Materials like 


1. The nucleus 
The nucleus is atthe 


wood, glass, ceramics and cotton all 
have electrons that like to stick with 
id al-yearslneveaksparsbelomolcverchetcy-maal= 
electrons don’t move the materials . 
can’t conduct electricity very well. 
In most metals, electrons can move 
freely to form an electric current. 
When charges move, current 
electricity is formed, and this is the 
power that drives much of the 
contemporary world. Current canbe 


measured by the amountof charge / | fi 


ra 


‘ 7 Th iman letere \Vaore] a 
| oxo) ale| Ulam) (s\oan (eli ays 


centre of the atom 
and is positively 


charged. 


2. Negative 


charge 
Each electron is 
negatively charged. 


3. Electrons 
Electrons orbit 


the nucleus. 
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DID YOU KNOW? The word ‘electricity’ is derived from the Greek word for amber, elektron 





Plasma bails: 
Static incarnate 


j 





They went out of fashion in the 1980s, but still 


demonstrate electricity really well 


4. Touch the power 
Placing your hand on the glass 


1 Full of gas 

The glass ball is filled 
with a mixture of gases, 
usually helium and neon, 


at low pressure. The glass does not block the 


| electromagnetic field created by the 
current flowing through the gas. 


3 Lights 


Electricity moves 
across the gas-filled 
globe from the 
electrode to the 
outer glass insulator. 


©) 2 Charged up 
«~The metal ball at the 





an electrode. 


Conductors and 
insulators at work 


Conductors and insulators are put to 
good use ina household cable 


1 Rubber to be safe 


The whole cable is encased in 
rubber or plastic to protect 
against electric shocks. 


2 Plastic for 
protection 
There is a further 
plastic insulator around 
each copper cable to 
stop current flowing 
between them. 
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3 Copper 
conductor 
The copper wire 

proves an excellent 
conductor due to its 
_ low resistance. 


4 Colour coded 
Each wire is colour coded to 
ensure correct connection. 
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alters the electric field and causes a 
single beam to migrate from the 
inner ball to the point of contact. 


w centre is charged with 
electricity, serving as 
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) Conductors 


Very simply, a conductor is a material that allows electric charge to pass alongitasa 
current. As stated, metals make good conductors as the electrons of their atoms are 
loosely bound and free to move through the material. For instance, in copper the 
electrons are essentially free and strongly repel each other. Any external influence 
that moves one of them will be replicated through the material. 

Asuperconductor is a material that has no resistance at all to the flow of current 
when kept below a certain temperature. For most superconducting materials, the 
critical temperature is below about 30 Kelvin, 30 degrees Celsius above absolute zero. 





These freeelectronscan Thecopperatoms 


No current flowing moveinanydirection retain their electrons 


Wire surface 









The copper atom 
remains in place 


The free electrons move 
- towards the positive terminal 





My, 


\n electric current 
dasses through a thin 
filament, heating it so 

that it produces light 












Resistance 
isn't futile 


Resistance is avery important property; it’s 
the factor behind many domestic appliances 
including old-school light bulbs, kettles, 
toasters, heaters and irons to name a few. All of 
these rely on the creation of heat energy. 
Resistance is the ability ofasubstanceto prevent ~ 
or resist the flow of an electrical current. Materials 
resist electric current because ofa collision between 
electrons and atoms. This slows the electrons down 
and converts some of their energy to heat energy. 
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Putting electricity to work all over the world 


Now that we've explained where electricity comes from, it’s time to look at 
some of the work it can do for us. Electricity can’t do much work without 
circuits as these provide a path for the electricity to flow around. Circuits 
include devices such as resistors, which control the flow of voltage, or 
difference in electrical charge, and capacitors, which store electrical charge 
and come in one of two types: series and parallel. 





om, 
Series circuits 


A series circuit has more than one resistor and 





Parallel circuits 


In a parallel circuit there is more than one 
pathway between its beginning and end. 
Since the electricity has more than one 
route to take, the circuit can still function 
should one component fail. This means that 
parallel circuits are much less prone to 
failure than the series variety. For this reason 
parallel circuits are the kind you will find in 
most everyday applications such as 
domestic appliances and household wiring. 


A resistor is anything that uses electricity to do 
work - in this case, light up bulbs - and the 
electric charge must move in series from one 
resistor to the next. If one of the components in 
the circuit is broken then no charge can move 
through it. An example of a series circuit is 
old-style Christmas lights - if one bulb breaks 
the whole string goes out. 





only has one path for the charges to move along. 









Laws of circuits 


An explanation of Ohm’s triangle and 
why it is important 


There are many laws that apply to electrical circuits, 
but Ohm’s law is one of the most important. Ohm’s 
law states that an electrical circuit’s current is 
directly proportional to its voltage and inversely 
proportional to its resistance. If voltage increases, 
for example, the current will also increase, and 
if resistance increases, current decreases. The 
formula for Ohm’s lawis V=IxR, where V = 
voltage in volts, |=currentinamperesandR 
= resistance in ohms. 





Current 

The flow of an electric 
charge. Unit: Ampere; 
Symbol: A. 


Voltage 

Electrical potential 
difference, the force 
that drives the current 
in one direction. Unit: 
Volt; Symbol: V. 





Circuit control 


The simplest electrical control is a switch. This 
simply breaks the circuit to stop the current 
flowing, and this is most notably seen in 
domestic light switches. They may seem simple, 
but the most complex computers are made from 
millions of electronically controlled switches. 


Resistance 

The opposition of an 
object to having current 
pass through it. 

Unit: Ohm; Symbol: ©. 


How electricity reaches your home 


It’s taken for granted that the light will come on when you hit the 


switch, but this energy goes through multiple stages first 
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Edison saw Tesla’s system as a threat to his DC supply and spread stories that it wasn't safe 
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Once electricity reaches your home, how does it get around? 


Electricity meter Distribution box 

Electricity meters are typically This contains the main switch and fuses for each circuit. 
calibrated in billing units, the 
most common one being the 
kilowatt hour. Periodic readings 
of electric meters establish 
billing cycles and track the 
energy used during a cycle. 


Appliances of science 
Domestic appliances are connected in parallel. In a parallel 
circuit, even if there is a fault or short-circuiting in any one line, 
the corresponding fuse blows off, leaving the other circuits and 
appliances intact. This prevents damage to the entire house. 








Entry point f 
The electric power ii | 
line enters our house , 
through three wires | pep ss sia 
- namely the live 
wire, the neutral wire 
and the earth wire. 
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* appliances you 





















connect, the more 
CT \) current is drawn 
from the mains. 


We owe our plugs to World War II 


Visitors to and natives of the British Isles get to use one of the weirdest 
plugs in the world; unlike many other plugs it has a fuse built in. After 
being bombed heavily by the Germans during WWII, much of the 
country had to be rebuilt. Building supplies were short, so rather than 
wiring each socket to a fuse board they were linked together on one 
wire and the fuses put in each plug, saving 
a great deal of copper in the process. 


Inside a 
British plug 


Ground to earth 

The earth wire is there to 
prevent electric shocks and is 
secured by a screw terminal. 


Fused 

The fuse is designed to blow and 
break the circuit if the appliance 
gets too much current. 
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It’s the most abundant metal in Earth's crust, yet it 
entirely escaped our notice until 1825 


ou might say it was hidden in plain sight. 
Aluminium isa highly reactive metal, 
meaning it readily undergoes chemical 
reactions with other elements and compounds 
to form different substances. Asa result, nearly 
all of the naturally occurring aluminium atoms 
on Earth ended up tucked away in the molecules 
of more than 270 different minerals, including 
gemstones like emeralds and rubies. While it’s 
actually 8.2 per cent of the Earth’s crust, making 
it the most common metal and third-most 
common element, behind oxygen and silicon, 
you would never know it’s there without 
investigating on a chemical level. 

The search was on in the mid-1700s, when 
chemists began experimenting with alum, a 
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class of abundant chemical compounds. Alum 
compounds, such as potassium aluminium 
sulphate, were well known, going back at least to 
the ancient Greeks and Romans, who used them 
as an astringent to close wounds and a mordant 
to bind dye to cloth. Early chemical investigation 
of alum suggested that the compound included 
an unknown metal. 

The trouble was that 18th-century chemists 
had no way to separate the mystery element 
from the rest of the atoms in the compound. In 
1825 the Danish chemist Hans Christian @rsted 
finally devised a chemical reaction that could 
extract it, but his process could only yield 
minuscule amounts ata time, making thorough 
experimentation difficult. Following up on 


The statistics 





Aluminium 
Protons: 13 
Neutrons: 14 
Electrons: 13 


Melting point: 
660.3 degrees Celsius 


Boiling point: 
2,519 degrees Celsius 


Superconduction 
temperature: 
-2/1.975 degrees Celsius 


Density of solid: 2.7g/cm?° 


Atomic mass: 
26.981539 atomic mass units 


Reflectivity: 71 per cent 
Atomic radius: 118 picometres 
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DID YOU KNOW/? Aluminium is g common fuel used in fireworks, producing white- and silver-coloured sparks 
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1 Bauxite mining 


|| || a 
Aluminium extraction 
Whe ctl | b ite st p-by- t p 
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off explosives to loosen the soil, Commercial aluminium comes from bauxite ore, a 

scoop up the bauxite and earth and mixture of hydrated aluminium oxide and hydrated iron 
ing it all to the processi lant. : 

Suing ate the prec essig eo oxide found in wide, flat layers near the Earth’s surface 



































a". 
— 6 Smelting 7 Electrolysis 
———— The first step of the smelting - Running a current through separates the 
es extracting the pure aluminium | component chemicals in the molten 
<i | - is dissolving the alumina with material. The negative cathode terminal 
7 ae | molten sodium aluminium \ attracts positively charged aluminium ions, 
“ae 2 Crusher fluoride, also called cryolite, at ! which are reduced to pure aluminium metal. 
: | ~ Crusnel breaks the 1,000 degrees Celsius. | 
ee ore into smaller pieces 
eS in preparation for the 
— Bayer process, which 
| separates an 
Z aluminium compound 


from the bauxite. 


5 Heating 

The last stage of the Bayer 
process is heating the 
solid sodium aluminate. 
This removes the water, 
forming aluminium oxide 

- a fine white powder 
better known as alumina. 


— 
3 Digester 

The digester mixes the bauxite with caustic 
soda (sodium hydroxide), which dissolves the 4 Precipitation 
aluminium oxide to form liquid sodium 
aluminate. Clarification, or filtering, enables 
impurities to be removed from the solution. 


The addition of aluminium —_ = 
hydroxide causes the sodium | 
aluminate to precipitate into a solid. 





Orsted’s discovery, the German chemist 
Friedrich Wohler developed a more effective : 

Serene had oroduced h Chemical bonds 
process, and Dy 1045 he haa proauced enoug The individual aluminium 
aluminium to demonstrate its basic properties. A look at the make-up of this aoe | atoms bond with one 
However, Wohler’s method of extraction was still metal on an atomic level ~/| JT : another by sharing valence 

\ electrons. In addition to the 
far too troublesome and slow to support 


three it already has, each 
wide-scale production. 
In 1856 the French chemist Henri Etienne 


Sainte-Claire Deville refined the process further, 


reducing the price of aluminium from $1,200 per 
kilogram to $40, which was a huge drop, but still 
very expensive. That all changed in the 1880s, 
thanks to two key technological leaps. 

In1886, American chemist Charles Martin 
Hall and French chemist Paul LT Héroult both 
independently invented a process for extracting 
aluminium from aluminium oxide. The Hall- 
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Aluminium atom 
Each aluminium atom 
consists of a nucleus 
(yellow) orbited by 13 
electrons, including three 
electrons in the outermost 
energy level. These valence 
electrons (red) can be used 
for chemical bonding. 


atom borrows extra 
electrons from other atoms. 


Face-centred 
cube 

The bonded atoms 
form a cubic structure. 
Together, many cubes 
form a crystal lattice 
that makes up solid 
aluminium material. 
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Héroult process relies on electrolysis, a means of 
breaking down chemical compounds into their 
component elements using an electric current. 
The basic idea is to conduct electricity from a 
positive terminal -an anode - toa negative 
terminal -a cathode - via liquid or molten 
material. Each terminal attracts and repels 
charged atoms (ions). The positively charged 
anode attracts negative ions and repels positive 
ions, and the cathode does the opposite. 

Scientists had tried to produce aluminium 
through electrolysis since the 1800s, but had no 
luck. Hall and Héroult’s breakthrough was first 
dissolving aluminium oxide in molten cryolite 
— sodium aluminium fluoride. Applying an 
electric current to this material draws the 
positive aluminium ions to the cathode, which 
is typically the vat itself, made from iron lined 
with graphite. 

Hot on their heels in 1888, Austrian chemist 
Karl Josef Bayer found a way to extract 
aluminium oxide from bauxite, a naturally 
occurring ore found in abundance in layers just 
below the Earth’s surface. Geologists drill core 
samples in likely areas, and on locating bauxite 
they clear the ground above with bulldozers so 
that they can collect the ore beneath. Australia 


Aluminium 
consumption 
by market 

















M Building and construction 25% 
"Transport 27% 
™ Consumer goods 5% 
Electrical 13% 
Machinery and equipment 9% 
Mi Foil and packaging 16% 
" Other 5% 
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leads global bauxite mining, producing roughly 
one-third of the total ore. 

Together the Hall-Héroult process and the 
Bayer process, both still in use, ushered in what 
could be called the ‘Aluminium Age’. The metal’s 
properties made it an instant hit. It’s lightweight 
—abouta third the weight of steel - but still 
strong. It’s also very ductile, meaning it’s easy to 
draw into a wire or flatten into a sheet, and it’s 
malleable, making it relatively simple to bang it 
into just about any shape. 

Add to that exceptional conduction of heat and 
electricity and you've got an incredibly versatile 
metal. But aluminium’s greatest trick may be its 
resistance to corrosion. Like iron, aluminium is 
highly reactive to oxygen in the air, but the result 
of the oxidation reaction is very different. Oxygen 
and iron react to produce a flaky layer of rust, 
which falls away, revealing a lower layer ofiron, 
which then oxidises to form yet more rust. In 
contrast, when aluminium encounters oxygen, 
the oxidation reaction produces an incredibly 
hard transparent oxide compound that 
essentially surrounds the aluminium witha 
shield that protects it from oxygen and other 
elements. And best ofall, ifthis protective layer 
happens to get damaged, it will very quickly 
reform, reconstructing the shield. 

Most aluminium products are actually made 
from an aluminium alloy -a combination of two 
metals. The combinations accentuate and 
amplify certain properties. For example, 
alloying aluminium with copper improves 
strength, while an alloy of aluminium and 
manganese improves resistance to corrosion. 

You can turn aluminium into an infinite 
variety of products through a number of different 
manufacturing processes. You can cast it into 
any shape that you want by pouring itintoa 
mould and then letting it cool. You can roll it into 
malleable sheets up to a minuscule 0.15 
millimetres thick, commonly used in the 
kitchen. You can forge it to make it super-strong. 
You can machine it - cutting away material - to 
produce screws, bolts and other hardware. 
Finally, you can force it through a die to extrude 
it into a particular shape, including thin wire. 

Aluminium also boasts another major 
Superpower over many other metals: its 
recyclability. Recycling programs use old 
aluminium cans to make new ones at about 30 
per cent the cost of making them from scratch. 
They shred old cans into pieces, melt them ina 
furnace, form rectangular blocks called ingots 
and then roll out the ingots into thin sheets from 
which new cans are cut. Believe it or not, this 
whole process can take just 60 days. Old car parts 
can undergo a similar process. Thanks to 
recycling, about 75 per cent of the aluminium 
ever produced is still in use today. 


Rocket fuel 

While you might not be surprised to hear that NASA's 
Space Shuttles were made mainly from aluminium, what 
you may not have realised is that they were also powered 
by aluminium inside the solid rocket boosters. When 
burned with oxygen, atomised aluminium powder makes 
for a great fuel. Aluminium powder accounts for about 16 
per cent of solid rocket booster fuel. 


World of 
aluminium 


It’s durable, light and you can 
mould it into any shape you want. 
Little wonder it’s everywhere... 





ASM Space 
Lattice 
Aluminium’s high 
strength-to-weight ratio 
makes it an excellent 
dome material. Geodesic 
dome inventor : 
Buckminster Fuller 
designed this /6-metre- 
diameter, 80-tonne 
aluminium structure for 
the American Society for 
Metals’ (ASM) 
headquarters in Ohio. 


Airstream 
trailers 

The quintessential 
Camping trailer took 
its design from 1920s 
aeroplane fuselages. 
Inventor Wally Byam 
opted for malleable 
aluminium, which he 
could shape into a 
fuel-efficient, 
aerodynamic form. 


Ravensbourne 
University London 
Aluminium’s weather resistance 
and sculptural flexibility make it a 
popular material for building 
facades. Ravensbourne’s building 
on London’s Greenwich peninsula is 
covered in 28,000 aluminium tiles. 


ea 


Top of the Washington 
Monument 

When the monument was 
approaching completion in 1884, the 
lead engineer selected the novel, 
relatively rare aluminium for its 23 
centimetre lightning rod pyramid. 
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DID YOU KNOW? In the 1850s, Napoleon III served his most honoured guests with aluminium plates rather than gold or silver 
























































SSS = = SSS = Sa — = = = = == a a as eee === = === = 












































































































ISS 


The US Destiny laboratory module is a 
major component of the International 
Space Station. The 8.5-metre 
pressurised unit is made from 
aluminium and represents the heart 
of the space station. Aluminium forms 
part of the outer debris shield too, 
which is tough enough to vaporise 
small particles of space junk. 


Airbus A380 


Aluminium has become 
the most important 
material in aerospace 
history. The world’s 
largest commercial 
aircraft is 61 per cent 
aluminium alloy. 






Morning coffee 
Nespresso’s airtight coffee 
capsules are made of aluminium 
to keep the product fresh, away 
from air, light and humidity. 


Pots and pans Everyday world Automobiles 


























Much modern cookware 
includes aluminium, 
which boasts excellent 
thermal conductivity, 
but possible links to 


Aluminium keeps this 
all-electric car lightweight, 
while still strong and rigid. 
Each car begins life as a 

9,072-kilogram aluminium 
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i somewhat controversial. structural strength of steel, the 
af ee 
go-to metal for structures like 
most skyscrapers, and It’s not 
#— Phone lines quite as flexible or cheap as Computers 
= Aluminium is a great e)ER atom dateMactielallate Mat elcclare) miele _ Many of Apple’s devices 
electrical conductor, are made of anodised 
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like copper but | 4 aluminium, which not 
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much lighter. Its low | products. However, it’s carved only polishes and 
- weight makes it an folUi mrs oye) (fem alievalcm lam elcia(-\-) 0) 4 toughens a product, but 


also provides a way of 
adding colour via the 
process of oxidation. 


ideal choice for 
elevated power and 
phone lines. 


Kitchen foil 


As a natural barrier to light, 
oxygen, moisture and just 
about anything airborne - 
including bacteria - flexible 
aluminium sheets are great 
food protectors. 


Drinks cans 

On top of being light 
and cheap, the king of 
aluminium products is 
100 per cent 
recyclable. Around 
113,200 cans are 
recycled every minute. 





Burj Khalifa 


The world’s tallest human-made 
structure is also the highest 
installation whose architectural 

= Cladding consists of an aluminium 
— and glazed facade. The total weight 
of the aluminium used is the same 
as five Airbus A380s, and the 
surface area of the curtain wall is 
132,190 square metres. 


www.howitworksdaily.com How It Works O73 


© NASA; Thinkstock; Alex Beltyukov; Tesla Motors; Tom Morris; Dave 7; Nespresso 





What are the ™ 
nobie gases? . 


SW abtsxcis)(=re1 ml o)b0 ale emeyms)(=)selsvelecpetahy= 
a variety of useful properties 











here are six natural lly 

gases found around. 5 Me 

These are helium (He), nec 
(Ar), krypton (Kr), xenon (Xe) and rade 
Together they form Group 18 of the periodie 
and are characterised by their lack of colour, 
smell, taste and their low flammability in their 
natural state. 

Despite being historically referred to as rare 
and inert, noble gases - which were designated 
molole)C-mmctuCsmconmal-ybar-}e)er-Vas)elmas)itlar-bilaomne) 
undergo a chemical reaction - are nothing of the 
sort. In fact, all of these gases are found in Earth’s 
atmosphere, and each is capable of being 
chemically active and producing compounds. 

The majority of the noble gases - such as argon, 
krypton, neon and xenon - are formed via 
liquefaction and fractional distillation 
techniques. However, helium is attained by 
separating it from natural gas and radon by << 
isolating it from the radioactive decay of : 
radium compounds. 

As noble gases show extremely low chemical 
reactivity, while they are not inert, only a few 
hundred noble gas compounds have been formed 
to date, with xenon varieties r ae up the bulk. 














































half-life are the key factors which prevent 
There are many applications for noble gases. 
The most obvious and visible of these are 
illuminated signs, light bulbs and lamps, with 
xenon, argon and neon commonly used due to 
their lack of chemical reactivity. Using these 
gases helps to preserve filaments in light bulbs 
and grants distinctive colours when 
gas-discharge lamps - as demonstrated oye the 
main image shown here. 
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DID YOU KNOW? The first noble gas compound was formed from xenon in 1962 by British chemist Neil Bartlett 






‘As noble gases 
show extremely low 
reactivity, only o few 

hundred noble gas 
compounds have 
been formed” 
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Radiotherapy 
Di=ts}o)ik-maalomale)®)(onelels 
igcleleyamereiiaremalrel ain, 
igclel[ey< lols omlalemcle)(omne) 
Cause cancer, It can 
also be used as part 
of radiotherapy 
treatments to control 
olen dil maateli(elarclavexerc) iiss 


Refrigerants 

Due to their incredibly 
low boiling points - for 
Talsitelaerseere] ae le)am eye) | ismele 
-186 degrees Celsius and 
neon at -246 degrees 
vibrant colours when Celsius - the Group 18 
Toya lisi-re eam arexe)amite|aias gases are often used 

ol=i alec eal aaloms.<claale)icn = lamelay.elelclalesy 


Illuminated 
signs 

NWAReTaNall ela aliarclectemsi(elats 
re] ateme)||leley-]aesmenaliists 
noble gases due to their 
ability to generate 
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HEROES OF... 
SCIENCE 


was preserved, but 
this painting is 
oxsy (yore mom ol=m allan) 





For his microscope, 
Hooke passed light 
generated by an oil 
lamp through a glass 
flask filled with water 


© Alamy 


A life’s 
work 


The life of 
the versatile 
scientist 


076 How It Works 








7 a 
q 
5 
« i 


7 
7 


erm: 


Tak=t[e [2mm [ofe) <a lazeye) Micrographia is this 
famous detailed illustration of a flea 





Source: Wiki/ Wellcome Images 


Source: arthistoryproject.com 


1648 


13-year-old Hooke moved to London for an 
apprenticeship, but he leaves to study at 
the reputable Westminster School. 


» 1653 
Enrolling at Oxford’s Christ Church College, 


he studied a range of science subjects, 
including chemistry and astronomy. 


1635 
On 28 July, Robert Hooke 


was born in Freshwater, 
Isle of Wight. 
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Robert 


Meet the English polymath who discovered 


the building blocks of all life 


century scientist was responsible for 
contributing to our knowledge of 
everything from mathematics and mechanics to 





biology and astronomy. Born on the Isle of Wight, 


off the south coast of England, Hooke began his 
series of interests as a keen artist. 
He lived with his parents until the age of 13, 


and due to beingasickly child wasalatecomerto Hooke was given the opportunity to try his hand 


education. Instead of attending school, he spent 
much of his childhood drawing from his 
bedroom. But his lack of an early education 
didn’t stop Hooke realising his genius. It was his 
later enrolment at Westminster School in 
London that would take him down a scientific 
path. Here he discovered that his talents lay 
beyond painting, particularly in mathematics, 
mechanics and languages. 

Many people are aware of Hooke’s work in 
microscopy, but in 1653, at the age of 18, Hooke 
attended Christ Church College at Oxford, where 
he spent much of his time building telescopes. 
Shortly after in 1660, he discovered a physical 
law that would later be named after him: 
Hooke’s law. It states that the force needed to 
extend or compress a spring is proportional to 
the distance it is stretched. 

In 1662, two years after the Royal Society was 
founded, Robert Hooke was named a curator of 
the society. Today this is the oldest independent 
scientific academy, and Hooke’s broad scientific 
interests helped set the society in motion during 
its early years. During his time with the society 
he carried out experiments and made further 
discoveries alongside its other members. In 1663 
his interests in meteorology and seafaring saw 
him contribute to the invention or improvement 
of the five main meteorological instruments: the 
barometer, thermometer, hydroscope, rain 
gauge and wind gauge. 


Hooke is certainly best known for discovering 


and observing the living cell, but this came with 


ot confining himselfto one field, this17th- in microscopy. As he researched down to the 


Hooke 


extent of what the available microscopes could 
see, he discovered spores in mould, he became 
the first to examine different fossil types witha 
microscope and he uncovered how mosquitoes 
and lice suck blood. 

To further his areas of expertise, following 
the disastrous Great Fire of London in 1666, 


at architecture. Alongside Sir Christopher Wren, 
he designed a monument to commemorate the 
fire. With the lead architects both being 
scientists, they decided to add some practicality 
to the aesthetic. Underneath this 60-metre-tall 
structure, Hooke built an underground 
laboratory where he could conduct many of his 
science experiments, while the central passage 
was built to house a large telescope. 

There are few areas of science which Hooke 
didn’t venture into. Since his death in 1703, 
scientists continue to be inspired by and benefit 
from Hooke’s findings as they delve further into 
the microscopic world he opened up. As he 
quotes in his book Micrographia: “By the means 
of telescopes, there is nothing so far distant but 
may be represented to our view; and by the help 
of microscopes, there is nothing so small as to 
escape our inquiry.” 


Cells’ first 
witness 


AV(ey AYA AYdlale Mm daliale Mm km patcle(=me| ome) mex=) | -per-lare| 
the study of these structures enables 

ole) oye] kj ao KoM Ul ae(=)a-im-]alemale)) ar] 
organisms live, as well as develop new 
medical science. Before 1665, however, 
these cells had never been seen. With a 
keen drive to explore what lay beyond the 
visible world, Hooke reinvented his 

oxo an] eLeleralem ani (er mes-vere) ol-muom-li(e))mallanmne) 
observe finer details. 

Using three lenses and a stage light, he 
was able to increase the size of what he 
was viewing, with the light adding even 
ale) a=eat-] a1’ AWC n= 0) t-lexsle mr: mo) (=\ox- me) more) a 4 
WTatetslearct-idamalcominnle)ae)'{s1e Maal (el gescore) ol- mm a=) 
was presented with its hidden structure. 
The cork looked like it was covered in 
pores, with packed shapes that reminded 
Hooke of the small cell rooms ina 
monastery. It was then that he named 
these structures ‘cells’. 


Cork cells were the first cells to be observed 





FIVE THINGS TO KNOW ABOUT... 


multiple lesser known findings along his journey 


1657 


Hooke invented the anchor escapement, 
a component which would improve the 
pendulum clock. This cog stopped the 
clock running down. 


ROBERT HOOKE 

cellinosssttuv Long Space Memory model Artistic 

Hooke first published S@FVICe discoveries When taking alecture, science 

the law of elasticity as — Being a curator of Hooke wasn’t limited Hooke described a As achild, Hooke took 

an anagram to stop the Royal Society, to discoveries on scientific model of an interest in drawing. 

others claiming his Hooke’s roles Earth. He discovered human memory. This Using his chemistry 

discovery while he involved producing _—_ one of the stars in the was the first of its kind, skills, he made his own 

developed it. The exciting, new constellation Orion, but was overlooked art supplies using iron 

anagram was for ‘ut experiments each as well as being the until 200 years later, ore, chalk and coal. He 

tensio, sic vis’, meaning week at the first to suggest that gas = when another would later illustrate 

‘as the extension, so society's frequent giant Jupiter rotates on scientist released a some of his own 

the force’ in Latin. meetings. its axis. similar theory. scientific works. 
1663 1664-1665 


A year after becoming curator of 
experiments, Hooke was elected a Fellow of 
the Royal Society. 


During these years, Hooke closely studied 
comets. This work was published in 1666 
and entitled Cometa. 





/1660 1665 »1703 
Hooke’s law, stating that the extension of a spring is Following his discovery of cells, Robert Hooke On 3 March, Hooke 
proportional to the applied force, was discovered, though published Micrographia, detailing the specimens he died in London at 
it wasn’t announced until 1676. observed under the microscope. age 67. 
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As the pilot increases the speed, the 
propellers move quicker to lift the 
drone in a forward direction 


Puma drone 


Why this remote-controlled aircraft has 
become the Navy's new eyes in the sky 


he Royal Navy works to patrol and protect 

the UK out at sea. This task involves 

monitoring large sections of coast using 
ships, planes anda recent addition to the fleet. 
These new remote-controlled air systems 
provide Navy crew members with easier access 
to their surroundings. Working like a drone, this 
miniature uncrewed aircraft can be thrown by 
hand off the deck of a ship and subtly survey 
activity at sea. They are currently being tested by 
the 700X Naval Air Squadron in Cornwall, UK. 

Using these Puma drones, pilots can navigate 

the area, substituting weapons for powerful 
cameras and other intelligence tools to pinpoint 
a target’s location. Pilots are able to remain ata 
safe distance, remotely controlling the device up 
to 20 kilometres away on the deck of their base 
ship. This means they aren't placed close to 
potentially hostile vehicles like they would be if 
they operated from inside an aircraft or sailed 
their ship in closer proximity. Keeping 
distanced, they can analyse the images received 
in real-time on a computer. With this 
information the vehicle can be steered and the 
viewpoint manipulated using a remote console. 
This becomes especially useful to the Navy when 
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conducting reconnaissance tasks, such as 
assessing battle damage and initiating search- 
and-rescue missions, over land and Sea. 

The unmanned vehicle is able to remain in the 
air for two hours ata time. While there is nobody 
on board the aircraft, it requires three people to 
operate each flight: a vehicle operator who 
controls the camera during flight, a mission 
operator who pilots the flight and a flight 
commander to ensure safe flying among other 
surrounding aircraft. 

This new technology aims to combine small, 
lightweight vehicles that are quick and easy to 
launch with surveillance tools for when Navy 
ships are threatened. Moving at top speeds of 50 
miles per hour, the drones can easily catch up 
with and monitor suspicious ships on the water 
from above. Maintaining distance, these 
systems remain unheard and unseen until 
intervention is necessary. 


“Pilots are able 
to remain ata 
sofe distance ™ 





QA 
Vieet a 
Puma pilot 


Jon Neal serves as a 
petty officer air 
engineering 
technician. He leads 
the squadron’s 
research team, 
evaluating the Puma 
remote air systems. 








What’s it like to fly 
and control the Puma? 
It’s very easy. They fly 
themselves until you 
put in an input to do 
something, like change 
altitude. You can fly 
them manually with 

the controller or 
autonomously. 


What advantages do remotely piloted air 
systems provide? 

It depends on the operation. We went out 
with a fishery protection vessel. If you have 
a big boat coming, you can see it a long way 
off, but you can’t see this Puma. It’s very 
difficult to see from the ground because of 
its colour and size, and few people think to 
look up anyway. Above 90 metres, you can’t 
hear it either. The ship would detect a 
trawler on its radar and we would send out 
the Puma to get identification. 


What happens in the event of a crash, and 
how likely is that? 

Any system can crash from a pilot error or if 
there’s a significant mechanical failure, but 
that’s really unlikely. With the Puma there is 
in-built resilience. If we lose the data link, it 
will fly back on its own, or if we lose the GPS 
we can easily work out a return bearing. If it 
suffers a non-critical failure it will land itself, 
even at sea - and because it floats we can 
easily recover it. 


How do you think this new technology 
will evolve to further benefit the Navy? 
At the moment we can put a remote video 
terminal on the ship’s bridge, but it would be 
brilliant to integrate the air system into the 
ship’s own systems. This has never been 
done before. We’re currently working on 
those procedures to understand how it all 
works together. 

We have selected Puma for now, but the 
technology is moving forward all the time, 
and my job is to understand that emerging 
technology and its capabilities for the Navy. 
This is just the start for the Royal Navy. As 
we move forward, we’re going to truly see 
what this technology is capable of, realise 
that capability with better systems and 
integrate those systems into the platforms 
permanently. This is the future. 
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Puma can qutomatically land within 25 metres of a target landing zone, 2o kilametres from the Igunch site 





LH h Infrared vision 

OW t e When in thermal mode, Wingspan 

Pu ma flies cameras with infrared The wings stretch across 2.7 
sensors can pick up heat metres, providing the aircraft 


What makes this signatures. with gliding ability for launches. 





aircraft a suitable Navy 
surveillance tool? 


{= 


Live image 

Cameras provide the operators with 
live footage, showing weather 
conditions and other visual information 
required to make the right decisions. 





Small size 

The aircraft measures 
1.4 metres in length and 
weighs about the same 
as six lkg bags of sugar. 






"2 real Hight 








= ~— Area coverage 
GPS displays the exact 

——————— location of the drone being es. 
= Sees controlled and can monitor 
an area of about /OO square | 
ees Kilometres in two hours. f 


Spotting detail —_ 
a _ With 50x optical zoom, 
_ the camera can provide 
™ operators with small ——== 
™ details such as the — 
~ writing ona vessel. 












| 







— 


| | 





It takes the squadron a maximum of 30 

} minutes to launch the drone. Prior steps 
include setting up the ground control unit and 
3 the laptop, installing the aircraft’s battery and 

- camera and fastening the wings and stabiliser. 
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| \ 
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Launch 
Being lightweight, buoyant and 
waterproof, the unmanned 

— system can be thrown over the 
side of the ship by a single 
sailor, without the launchpad 
needed for a typical aircraft. 
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Hydrogen fuel cell | 

| i The hydrogen PEM fuel cell takes | 
- > in hydrogen gas fromthetank 

rs: those that run on PEM | )] along with ambient air from the 
atmosphere to create electricity 

=: for the electric motor. 


Oo 2) ae Power drive 
ngine (ICE). A jor unit (PDU) 

aniCeMoleniced (oy olete! I The high-performance, | 

compact PDU governs — 

7 Al ets) gee aise =) the electrical flow from 

ihe most popular of these two es are the fuel cell to the high- 

o-waeFeTaatheWe)eMahtichceted-yaBatts) . isis voltage electric motor. | 
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Hydrogen supply and 
humidifier systems 
Compressed hydrogen gas flows 
from the tanks to the fuel cell and is 
humidified along the way, partly 


recycled from the waste steam 
from the reaction in the fuel cell. 







e : 2.Near-zerotailpipe —_ | 


ro] id 
oa4e eri Raye 


: 
hydrogen in this fashion. ICEvehiclesare _ 
currently cheaper to build or retrofitthan 


Electric motor 
The AC synchronous permanent- 
magnet electric motor, rated at 
134hp and 100kW, provides 
See = tront-wheel drive for the Clarity. 


a 
* a <" 











. 4 
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fuel-cell vehicles. — | : 
Fyd rogen oe | om Brenreleyarcvelmeelveetcvelisbleervelcecyehestaelavellojeyestcyell 
| 1860 . 


Etienne Lenoir built the 
Hippomobile, which was later 
fuelled by electrolysing water 
and using the hydrogenina 
one-cylinder engine. 












Francois Isaac de Rivaz 
builtthe very first 
automobile which burnt “=a 
hydrogeninsideaninternal / 
combustion engine. . 


During World War II, Boris 
Shelishch converteda 
GAZ-AA truck to run off 
hydrogen after Nazi's had cut 
off Russian oil supplies. 
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The estimated cost of producing ag Honda Clarity is $300,000 per car 








Hydrogen tank 
The tank holds 3.92 kilograms at 
5,00QOpsi and has passed all 


crash safety tests. It holds The statistics 
enough hydrogen to complete a 
journey of up to 270 miles. Honda FCX Clarity 


Manufacturer: Honda 
Dimensions: Length: 4.83 
metres; width: 1.85 metres; 
height: 1.47 metres 

Driving range: 2/70 miles 
Required fuel: Compressed 
hydrogen gas at 5,00Opsi 
Carbon emissions rating: 
Zero emission 





ByaraleliaremereyViamuars 
(oross1 me) Milli lale mele 


Lithium-ion battery 
The lithium-ion battery makes the 
FCX Clarity a hybrid vehicle. It 
provides extra acceleration when 
needed and is recharged from 
regenerative braking. 


a elgele(=p miecs) mea) | 








The hydrogen PEM fuel cell vehicle On the anode side, a catalyst such as 

works by taking hydrogen from the roJFeLulalelaamj ol) (iam a al=manvelgele(=lam-l Relea miaine) 

oxo) anle)qasos-yo1e Manel molet=lame-lal@-laremunlqie ro) ce) Ko) alm @ oLos-Juah(2) \Vmorat-|ae(=\ep -lale| 

Ulalaviatemimcl(elacemiidame) Q’ce(-)pmm-] (cain r=1(=You ad we) atom Cal=\e to] MAVc=) \Yamedals] ge(2lep Mm Mal 

from the air through a fuel cell. PEM allows only the protons to pass 

ahYel mole (=) mer- lm med t-lalaveii(scem com aal= dal gelecelamimmxomada(=Mor-ianvele(=Mam Mal=M=)(-\e1d ge) at . 
lalele(=Me)maal= Malis) mox=)/ MY ali(-maarsmeyaicerein must pass along an external circuit, E 
Ames ar-lalarcii(svemcem aa (=Mer-|aalele(=m which is how electricity is created. 6 


Harry Karl Ihrig created the General Motorsresearchers | , = yb 7\ C= The BMW 520h prototype The Honda FCX-V1 


first fuel cell vehicle (FCV), created the Electrovan,the [35 \, Wieess= was built, which hadan prototype is created, 
an Allis-Chalmers farm first hydrogen fuel cell car f <a ¢ 7 | _ internal combustion engine using a Ballard fuel cell 
tractor, which used over onrecordwhichresembles that couldrun on either for power anda49kW 
1,000 individual cells. the FCVs of today. ' . | hydrogen or gasoline. electricmotor. 
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BMW Hydrogen 7 


The statistics 












Manufacturer: BMW 
Dimensions: Length: 5.2 
metres; width: 1.9 metres; 
height: 1.48 metres | 
Driving range: 125 miles on 
hydrogen and an additional 300 | 
miles on gasoline 

Required fuel: Hydrogen 
or gasoline 

Carbon emissions rating: 
Near-zero emissions when 
using hydrogen | 
Status: Limited series | 
production luxury vehicle 


























Heat exchanger 
Here the liquid hydrogen is 
warmed into gaseous H, to 
prevent sensors and valves 
failing and for use in the ICE. 


Cryogenic tank = 
The cryogenic hydrogen 
tank contains liquid H, at 


-253 degrees Celsius zi 
and is super-insulated to Gasoline tank 


prevent boil off. The /4-litre gasoline tank can 
po ___4} propel the vehicle 300 miles and f 
can be switched off or on to | 
| hydrogen at the touch of a button. | 


i hhh eens banned bb heel ee —— 
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Hydrogen ICE 
we The BMW Hydrogen 7 
| runs on a dual-fuel 
hydrogen internal 
combustion engine 

| using either hydrogen 
or gasoline for power. 


i 

i 
we 
| 
| 
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"= Mix it up 

! f Gaseous hydrogen (green arrows) Is 
. flowing from the pressure control 

_ valve and mixing with ambient air 

(blue arrows). Both are then drawn 

_... into the engine's cylinders for 

~ combustion with gasoline for power. 









Not a car you'll see on your 
local forecourt 
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A prototype Ford Fusion Hydrogen ggg fuel cell race car clocked a record-setting 207 miles per hour 
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The statistics 


B-Class F-CELL 





Manufacturer: Mercedes-Benz 

Dimensions: Length: 3.8 

| a a metres; width: 1.77 metres; 

ani height: 1.6 metres 

Driving range: 250 miles 

Required fuel: Compressed 

hydrogen gas 

Carbon emissions rating: 

Zero emissions 

_ Status: Limited production | 













































The statistics 


Manufacturer: Mazda ail : , — | = | _ - — ae Sj 
Dimensions: Length: 4.4 | . ; . a | z | £E 
metres; width: 1.77 metres; 

height: 1.34 metres _ : ! ; 
Driving range: 62 miles in o— | Ss istrana | | AI == Lo & ee 
hydrogen mode, 341 miles in : —_ | Pr og ff —— a jlabiae 7 pile | ——— 
gasoline mode 

Required fuel: Compressed 
hydrogen (dual fuel car) 
Carbon emissions rating: 
In hydrogen mode there are 





| 


= eee Chevy Equinox Fuel Cell 
Manufacturer: General Motors 
near-zero emissions | Le eke a pe I fueweae CPN Dimensions: Length: 4.8 
Status: Limited production SS : Ry (gee da ant ea Be a ee: a metres; width: 1.81 metres; | 
leasing as a fleet vehicle in Japan , = a ce te PL | height: 1.76 metres . 
‘ les Driving range: 250 miles | 
>: ae el ee ee ; ; | Required fuel: Compressed 


hydrogen gas 
FCHV-cdv 


_ Carbon emissions rating: 
Manufacturer: Toyota 


Zero emissions 
Status: Limited production SUV 

Dimensions: Length: 4.7 
metres; width: 1.8 metres; 
height: 1.7 metres 
-— Driving range: 470 miles 
| Required fuel: Compressed 
hydrogen gas 
Carbon emissions rating: 
Zero emissions 
Status: Previously available in 
very limited numbers as a 
| lease vehicle 
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a 2/-kilometre_particle 


accelerator at CERN, ~ 
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Where would 
antimattergoon — 
the periodic table? & 


Aidan Walker 

™ Antimatter doesn’t appear on the standard periodic table of elements 
because it has an anti-periodic table of its own. Scientists at the European 
Organization for Nuclear Research (CERN) created antihydrogen in 1995, 
which was the world’s first human-made antiatom. BB 
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it |e 
This is an entrance to one of the well-preserved 
chambers of the Cairn of Barnenez 


What ts the 
oldest building 
in the world? 


Dulovan Crawford 

™ This question can never be answered with 
complete certainty, as the oldest building might 
not have been discovered yet. The oldest known 
human-made structure still standing to this day 
is the Cairn of Barnenez in Brittany, France. This 
building dates back to 4850 BCE. Containing 
nine defined chambers and interlinking 
passageways, the walls stretch across an area 72 
metres in length and are 25 metres wide. 
Situated atop a hill, the nine-metre-tall 
construction was built in the Neolithic period, 
when humans began farming. AH 
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SPACE 

What would 
happen if 
the Moon 
disappeared? 


Jason Oxley 

IM atcwcsechigir-laleyer-Jmelelemevma slowly Coreyel 
slows down Earth’s rotation, so without 
ita day would only be about 6 to 12 
JaXo)b csp levered WentomUVoluuComentcr-Nemer-hrauers 
over 1,000 days ina single year. The 
angle of Earth would no longer be 
constant, with the potential for more 
extreme weather. Tides would change 
in size, making them one-third of the 
size they are now. Many animals that 
rely on tides, like starfish and mussels, 
might be lost, while the nocturnal 
animals that rely on moonlight would 
struggle to hunt. AH 








A Bato \V/Kolelam a=vu(=\e1scwom Ke) 
12 per cent of the 
sunlight that hits it 
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Why do we have exactly five 
fingers on one hand? 


Monica Bielik 

™ During development in the womb, human 
embryos grow five rods of cartilage before the 
cells that surround them die away, leaving 
four separate fingers andathumb. It’sa 
physical characteristic that has been passed 
from generation to generation over millions of 


t 


} ! 
4 


years of evolution. The ancestors of modern- 
day mammals, reptiles and birds, called 
tetrapods, which evolved between 420 and 
360 million years ago, also had five digits at 
the end of their limbs. SD 


Our hands begin to open after around 


three months of pregnancy 
all 
| Le 
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SCIENCE 


Where do — 
we get our | 
eye colour fro! 


Rachel Culley ine 
~ Oureye colour comes from melanin, a pigment th {i p.. 
also determines the shade of our skin. As most of the 
light that enters our eyes goes into the retina, asmall 
amount is reflected back, which is perceived as colour. 
The exact colour is down to the melanin concentration. 

Eumelanin produces brown eyes, unless there is 
relatively little, which then produces a blue shade. 
Meanwhile pheomelanin creates green, hazel or amber 
eyes. Red eyes area sign of no melanin, with the colour 
coming from the blood vessels themselves. AH 





i Malsw re] ey] aWA\=) acess) ef- (oom ob.40) (0) a- 1d (0) nw -Vel=) alen aes 
(JAXA) Hayabusa spacecraft re-entering 
Earth’s atmosphere in 2010 ™ 











SCIENCE 











Why does a spacecraft burn ae 























a = Tic te 

so hot during re-entry? My scciudingnausee, cone aaa 
Cameron Harvey superheated plasma. A craft travelling at 7.8 8 nuscle Waele ee : Ga : 

Upon re-entry, atmospheric particles are kilometres per second reaches over 7,500 S a 
compressed and rub together, creating degrees Celsius on re-entry. To protect against 8 a : 
friction and generating heat. During descent overheating, the base of craft are lined with a 5 i ee Sa pi as 
spacecraft also generate a pressure wave, silica tiles. These tiles hold the heat at their ; Sh ae ar ie eae aaa 
ionising air molecules and creating centre, preventing it from spreading. SD S 
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How is lift 





generated 
and what Is 
the principle 
behind it? 


Abhi S 

™ Bernoulli's principle describes 
how the shape ofan aircraft’s wings 
generate lift. With a curved top and 
flat underneath, air has further to 
travel over the top, flowing faster. 
Fast-moving air exerts less pressure 
than the slow air underneath, 
pushing a craft upwards. AH 
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How does 
one-way 

glass 
work? 


Jeff Jacobs 
~ Areflective coating is applied to 
glass, called a half-silvered surface, 

to create a one-way mirror. The 

molecules that make up the coating 

are sparsely spread out over the | 
glass, allowing only half the light to 
pass through it and the other halfto 
be reflected by the silver surface. 
This means that depending on 
which side of the glass you're 
standing, you can either see the 
light passing through the 
glass, making it seem 
transparent, or the glass 
appearing as a mirror 
when light is reflected by | 
the silvered surface. SD 
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BOOK REVIEWS 


The latest releases for Curious minds 





The World’s 
Magnificent 
Machines 


From the first 
automobile to 
rocket trains, 
drilling machines 
and more 








Author: David Long 
Illustrator: Simon Tyler 
Publisher: Faber & Faber 
Price: £20 / $26 
Release: Out now 


t's crazy to think that just 

150 years ago there were 

no planes or cars, trains 
were yet to be widely 
adopted across the world and 
most ships were still made of 
wood. While steam power 
dominated heavy industry, 
machines that did the same 
job of many workers were 
strange and awe-inspiring beasts. 
We have come an incredibly long way 
ina relatively short time to change the way we 
live, and that can be largely credited to the 
machines that assist us with a multitude of 
tasks, which in some cases would be impossible 
for us to achieve otherwise. 

Blue Peter award-winning author David Long 
has compiled the biggest, fastest, most 
expensive, most powerful, the weirdest and of 
course, the most magnificent machines in 
modern history into one attractive hardback 
book. It’s a list of land, sea, air, space and even 
underground contraptions, of which some we 
guarantee will surprise and delight you, even if 
youre a bit of an engineering boffin. 

His compilation is peppered with some choice 
vehicles, including the supersonic Bloodhound 
LSR, the rocket-launching Stratolaunch aircraft, 
the ‘unsinkable’ RMS Titanic and the first 
modern car - the Benz Patent Motorwagen. But 
there are also a lot of seriously fun entries that 
look like something from Hanna-Barbera’s 
Wacky Races, like the unwieldy and impractical 
eight-wheeled car, the Octoauto, or the 
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The Moon 


A beginner's guide to 
lunar features and 
photography 

Author: James Harrop 

Publisher: White Owl 


Price: £25 / $42.95 
Release: Out now 


Viost 





General photography is a complex skill in 
itself, but when you're pointing the lens into 
the night sky, it becomes increasingly 
difficult - that is, unless you have this 
excellent beginner's guide to 
astrophotography. From getting to grips 
witha DSLR camera to mastering the full 
potential of your mobile phone, Harrop 
takes the reader through the array of 
techniques you can use to capture the 
perfect shot of the Moon. Although this book 
uses the Moonasa starting point, the 
wisdom it imparts can be applied to many 
different areas of astrophotography, 
including how to use planetary imaging 
preprocessing for crystal-clear images. 
Whether you've never picked up a camera 
before or you're looking to geta few tips and 
tricks, this book is a great addition to your 
photography library. 
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Motoruota Monowheel, a motorbike witha 
single wheel that housed both the engine and 
the driver! 

Each pithy entry is fact-packed and accessible, 
prefaced with three bullet points that won't fail 
to engage the reader, and coupled with Simon 
Tyler’s simple yet effective vector-style 
illustrations. Every page highlights the missions 
achieved, lessons learned and stories of 
perseverance. The hardback edition is both an 
engrossing coffee table read and a great gift for 
younger school children, who will be blown 
away by the fantastic machines of yesteryear 
and the incredible technology of today. 
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Climate 


Emergency Atlas 


What’s happening and 
what we can do 


™ Author: Dan Hooke 

™ Publisher: DK Children 
™ Price: £12.99 / $19.99 
™ Release: Out now 


Trying to wrap your head around the many 
issues involved in Earth's climate crisis can 
sometimes be overwhelming. However, this 
visual guide to our planet’s problems is a great 
way to get informed. Clear and concise, DK has 
produced a book jam-packed with 
environmental facts and stats, including 
disappearing forests, the growth in fossil fuel 
consumption and farming. However, it’s nota 
book filled with doom and gloom, highlighting 
the positive global work that’s being done to 
fight the crisis, such as the growth in wind 
farms and reforesting. This is a great book to 
help explain what’s happening in the world to 
a younger audience, but it also reveals some 
stark and surprising information we should all 


take note of. Ww www 


How to 
Astronaut 


An insider’s guide to 
leaving planet Earth 


Author: Terry Virts 

™ Publisher: Workman Publishing 
® Price: £21.99 / $27.95 

™ Release: Out now 





Jam-packed with 
environmental facts 
ond stats 


Whether you're space-obsessed, plan to utilise 
Space tourism or are simply curious, this book is 
guaranteed to leave you dreaming ofatrip to the 
stars. What do you pack for many months in 
space? What's it like to float to sleep? Not many 
truly know the answers to these questions, 
with rocket trips being undertaken by so few 
humans so far. But this book is here to 
answer them all, along with those you may 
not even think to ask. The short chapters 
are full of valuable first-hand accounts to give 
you an accurate feel for life in this environment 
and what it takes to prepare. 

Former astronaut Terry Virts draws on his 


glamour being an astronaut, as this book reveals 
the difficulties of using aspace bathroom - with 
no details spared. With almost every action, 
movement or chore becoming a totally new 
challenge in the limited gravity of aspace 
station, this book covers a broad selection of 
200-day experience on the International Space insights, engagingly written to place you into an 
Station, sharing humorous, terrifying and astronaut’s shoes - or space boots. 

inspiring accounts. You'll find out that it's not all KkkKkK 
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Funny You 
Should Ask... 


The kind of crazy 
questions kids 
might ask you 


» Author: BBC QI Elves 

» Publisher: Faber & Faber 
™ Price: £12.99 / $16.95 
~ Release: Out now 








The folk who answer the curious 
questions for TV quiz show Q/ and Radio 
2's The Zoe Ball Breakfast Show have now 
compiled them into a book. Known as the 
‘QI Elves’, these 12 clever people broach 
topics from across the spectrum of general 
knowledge, and some of the questions 
people have asked are seriously thought- 
provoking, such as how much water does 
it take to put out the Sun? - the answer to 
this might surprise you! - to the more 
mundane yet just as fascinating why do 
men go bald-and always in the same 
way? Or the philosophical have I read this 
page before? 

Even if the question sounds like it’s 
going to be underwhelming, the answer 
always over-delivers with bonus facts, 
snippets of wisdom and sometimes a 
simple diagram — because a picture can do 
the job of athousand words. And if none of 
the answers to these questions - of which 
there are around 100 -blow your mind, 
then you're either incredibly 
knowledgeable and you're showing off to 
your friends, or you're one of the QI Elves. 
Funny You Should Ask... is perfect for 
breaking out and entertaining the family 
after Christmas dinner or during the long 
lockdown evenings. 


KKkkke 
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QUICKFIRE 
QUESTIONS 


How do scientists 
think the Moon formed? 


It was captured by 
Earth’s gravity 

It was created after 
another rocky body 
impacted Earth 

Lizard people made it 
Earth divided during 
the early Solar System 


Which of the 
original seven ancient 
wonders remains? 


Colossus of Rhodes 
Lighthouse of 
Alexandria 
Pyramids of Giza 
Statue of Zeus 


Which creature has 
ears on its legs? 
_ Tiger 

Shark 

Centipede 

Cricket 


When was the first 
iPhone launched? 

1999 

2004 

2007 

2011 


Which of these is 
not a noble gas? 

Krypton 

Hydrogen 

Radon 

Neon 


About how thick is 
Antarctica’s ice cap? 
20 to 50 metres 


200 to 500 metres 
2 to 5 kilometres 
20 to 50 kilometres 
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Spot the difference 


See if you can find all six changes between the images below 



































Sudoku 


Complete the grid so that each row, column and 3x3 box contains the numbers1 to 9 
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Wordsearch 


NOBLE EYES 
ASTRONAUT WINE 
MOON WATCH 
NIGHT EGYPT 
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HYPERNOVA 
EIFFEL 
FRACKING 
GLOBAL 


What i is it? 








How long isa piece of this? 












































Check your answers 


Find the solutions to last issue’s puzzle pages 
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QUICKFIRE QUESTIONS 
Q1 Red meat Q4 1979 
OA Fe Telarsvile Q5 1944 


Q3 Okra Q6 Supermassive 
10) Flor @m ave) (=) 
WHAT IS IT? ...cCONKER 
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Special offer for readers in North America 
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when you subscribe" 
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Order hotline +44. (O) 330 333 1113 


Online at WWW.Magazinesdirect.com/hiw/ 79as 


*Terms and conditions Offer closes 28/02/2021. Offer open to new subscribers only. Direct Debit offer is available to UK subscribers only. 
This price is guaranteed for the first 12 months and we will notify you in advance of any price changes. Please allow up to six weeks for delivery 
of your first subscription issue, or up to eight weeks overseas. The full subscription rate is for 12 months (13 issues) and includes postage 

and packaging. If the magazine ordered changes frequency per annum, we will honour the number of issues paid for, not the term of the 
subscription. For full terms and conditions visit www.magazinesdirect.com/terms. For enquiries please call: +44 (0) 330 333 1113. Lines are 
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HAD AGO? 
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HOW To... “"” 


Practical projects to try at home 


Ed Crooks 
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Ee) 


© Illustrat ons 


) howitworks@futurenet.com If you've tried out any of our 
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row to 
make 
a toilet 
roll Solar 
System 











Gather your equipment 
Visualise our vast You'll needa roll of toilet paper with at least 150 


sheets anda list of planet sizes and distances. To 


planetary neighb ourhood, create the planets, find some felt tip pens or 
one sheet at a time colouring pencils, a ruler and six sheets of A4. 






Design the planets Start with the Sun 

While the distance between the planets will Use six sheets of paper to draw the Sunand 
be toscale, the planets themselves willneedtobe usethespare paper to draw and label each 
designed 100-times biggerthantheyreallywould planet. Place the Sun downat the beginning of 
be - otherwise they would be too small to see on your toilet roll line. This represents the centre of 
the toilet roll. the Solar System. 





| 


Space unravelled Safely store 
You might be surprised at just how much Once you have admired your Solar System, 
distance you need to cover to reach the outer you can pack it away until you next want to 


planets. When you getto UranusandNeptuneyou visualise our cosmic home. Make sure to stick 
might need to take your Solar System upstairs or down each planet into its position to make this 
place the toilet roll trail into azigzag pattern. easier next time. 


Disclaimer: Neither Future Publishing nor its employees can accept any liability for any adverse effects experienced during the course of carrying out these projects 
or at any time after. Always take care when handling potentially hazardous equipment or when working with electronics and follow the manufacturer’s instructions. 
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experiments - or conducted 
some of your own - then let 
us know! Share your photos 
or videos with us on 
social media. 





Know the scale 

Our Solar System is so extensive that it can be 
difficult to visualise. To make it fit onto one roll of 
toilet paper, each individual sheet will represent 
30 million kilometres. 


‘qj 








Plot the planets 

Plotting Mercury first, which will be two 
sheets from the Sun, begin to calculate the correct 
distances in 30 million kilometre increments. You 
may need a calculator, or see our summary. Make 
sure to place the planets in the correct order. 


SUMMARY 


The toilet roll Solar System compacts 
millions of kilometres into one sheet. 
However, it will still take up a huge amount of 
your home’s floor space. Here are the planets’ 
distances in sheets: 

Mercury: 2.0 sheets from the Sun 

Venus: 1.5 sheets from Mercury 

Earth: 1.5 sheets from Venus 

Mars: 2.5 sheets from Earth 

Jupiter: 18.5 sheets from Mars 

Saturn: 21.5 sheets from Jupiter 

Uranus: 47.5 sheets from Saturn 

Neptune: 54 sheets from Uranus 
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eak your mind... 


If these vaccines prove effective, they will 
provide long-lasting immunity 


Virus vaccine 


Dear HIW, 
With all this talk about the need for a COVID vaccine, | 
wondered how the COVID-19 vaccine itself works. 
Marie Hardy 





There are currently many vaccines undergoing 
trials around the world, and some are making 
very promising advancements. 

While some of these vaccines have slightly 
different approaches, the core goals are the 
same. The virus is covered in spike proteins, 
which teams are aiming to inject safely into 
the body to trigger an immune response. 
Usually upon entering the body, all of the virus’ 
genes are copied and multiplied, but the COVID 
vaccines will only carry part of this DNA. This 
ensures that only the outer proteins are 
copied, and not the more dangerous parts. 

Once the body has already encountered this 
part of the virus, if it comes into contact with 
COVID again the body will be able to attack the 
virus before symptoms become severe. 


A human skull (left) and Neanderthal skull (right) 
show changes to skeletal structure 





096 How It Works 





© Jav er Zayas Photography/Getty Images 


Get in touch 


If you have any questions or comments for us, send them to: 


€> How It Works magazine © @HowltWorksmag 


~) howitworks@futurenet.com © howitworksmag 


Letter of the month 





Dear HIW, 
What advice would you give to girls about going 
into science careers? 
Sunny Elvy 


As a science-orientated team of both men 
and women, we would say go for it! If you 
enjoy science and want a job in which you 
can research, build or discover something 
that excites you and will make a difference, 
there are a broad range of careers to suit 
you. Just make sure you seek experience in 
all possible fields that you are interested in 
to see which career is right for you. 

The top minds are a mix of male and 
female, and the world needs the brightest 
to enter these careers. You shouldn’t be put 
off by the stats associating STEM careers 
with males, but instead make a difference 
in showing what you have to offer. 





History of the human body 


Dear HIW, 
Do mesomorphs have more Neanderthal DNA 
than endomorphs and ectomorphs, as they tend 
to be shorter and stronger? 
Theo Schmidt 


A mesomorph is a muscular, built-up 
body, while an ectomorph is a leaner and 
longer body type. Endomorphs have a 
higher tendency to store fat. Many 
aspects of these body types are morea 
result of environmental factors than 


Women in STEM 





© Haynes 


The number of women in science is rising: 
just seven per cent of all STEM workers were 
female in 1970, compared to 26 per cent in 
2011. STEM professions are more equal and 
diverse than they once were, but further 
increasing the number of female scientists will 
help to broaden research. The issues that 
science decides to solve have a lot to do with 
the scientists behind the products or 
experiments, so having diverse teams of 
gender and ethnicity helps to broaden ideas. 
Stepping into a career in science Is a great way 
to increase the work that matters to you and 
those you represent. 

Get inspired by female scientists and role 
models. As gender inequality begins to fade in 
some sectors, scientists are a great example of 
a community demonstrating the work that can 
be done when people of any gender, race or 
other social category come together. 


Women now represent over 40 per 
cent of science professionals 





genetic, which could have occurred over 
the course of thousands of years of 
changes to a genetic line. While it is 
possible that someone may be short due 
to having some Neanderthal DNA, there 
are too many other factors, and this won’t 
be the case for most. 

One feature which holds a stronger link 
is skull shape. Studies have shown that 
those with more oblong-shaped brains 
and skulls are more likely to have a closer 
relation to the Neanderthals. 
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Prize-winning 
science 


Dear HIW, 
What are the implications of the recent Nobel 





Prize-winning work on CRISPR-Cas9? 
Louis Tyndall 


This year’s Nobel Prize in Chemistry was 
awarded to Jennifer Doudna and 
Emmanuelle Charpentier for the discovery 
of the CRISPR-Cas9 genome-editing 
technique. Many of the implications will 
have come when their work was initially 
released, but this award for their 
achievements will raise awareness of the 


ie 
Sleepy mornings 
Dear HIW, 
Why do we still feel tired when we wake up? 


Monika Bielik 


Thank you for your question, Monika. | think 
many of us can relate to this feeling. Although 
we are able to enter a conscious state quickly 
when our alarm goes off in the morning, our 
brains can sometimes take a while to catch up 
with us. This is called sleep inertia, and can 
last between a few minutes to over an hour. 
Before your brain reaches full alertness, your 
motor and cognitive abilities are slowed. The 
best ways to prevent this feeling are to make 
sure you’re getting enough sleep, avoid waking 
up suddenly and keep to a routine so that your 
body can get used to it. 
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Sleep inertia most commonly lasts between five 
and 30 minutes 
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The CRISPR-Cas9 discovery was 
published in 2011 


applications of scientists’ ability to rewrite 
genetics with this technique. 

The scientists who developed ‘genetic 
scissors’ - a method to allow these 
changes to be made with greater precision 
- open doors to new applications, such as 
removing genetic illnesses from 
individuals. The prize highlighted the 
beneficial current uses of the technology, 
such as growing crops that accumulate 
lower levels of heavy metals. 
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This month on Instagram we 


asked you: ‘If you could be 

the first person to explore 

part of space, where would 
you want to go?’ 


@louistyndall 
The Crab Nebula, just because of how 
beautiful it looks 


@definitely.notmax 
I would visit Uranus, or g nearby galaxy, 
gs who knows what will be there! 


@jonesy_rhysO6 
I would go to a planet where all organic 
matter is based on an element that 
isn't carbon 


@jamesf_2005 
Mars, a habitable planet 


@cameronlharvey 


Ross 128 DB. A potentially Earth-like planet 


11 light years qway with ten-day years- 
that's a lot of birthdays 


@cathodel49 
A nebula somewhere far from Earth 
where there are no people 


iOS and Android. To enjoy savings on the RRP 
and to make sure you never miss an issue, 
check out our subscription offers on pages 18 
(UK) and 94 (US). 
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magazinesdirect.com, or as a digital edition for 
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DIVE WITH 


Have you ever fancied swimming with whales? Or diving with sharks? 
Now you can - at home - with this amazing, virtual reality Let’s Explore Oceans Mega Pack. 
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HUMPBACKS 


10 VR movies & 4 AR experiences make this the must-have product for 2020. 
Experts are calling this the most amazing, educational but entertaining 
product they've ever seen. Allowing both kids and grown-ups to immerse 
themselves in a 360° world of undersea exploration. 
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The Mega Pack comes complete with: 


v VR/AR Goggles 

v Handy Carry Case 

ae ule) Cey-4e-)e)il (om de) le) ¢-1a bl ol) 

Pa (6 @ellell ida licele-la @@la--liBa-lam slele) 
¥ 10 Virtual Reality Movies 

¥ 4 Augmented Reality Experiences 


Get the must-have gift for 2020 at LetsExplore.com 
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Aviation Royalty 


AMAZING AIRCRAFT OF THE RAF 



















- 
The Harrier is o jet-powered attack aircraft capable of vertical /short You can you create your very own fighters of the RAF at home 
toke off and landing operations. Named after a bird of prey, it was with an Airfix QuickBuild kit. QuickBuild kits allow you to 
originally developed by British manufacturer Howker Siddeley in the recreate a wide variety of iconic aircraft, tanks and cars into | 
1960s and emerged as the only truly successful V/STOL design of brilliant scale models. No paint or glue is required, the push eo 
the many attempted during that era. lt was conceived to operate together brick system results in a realistic, scale model that is 
from improvised bases, such as car parks or forest clearings, without compatible with other plastic brick brands. a al 
requiring large and vulnerable air bases, Loter, the design wos adapted 
for use from aircraft carriers. © Compatible with other plastic 





The Eurofighter Typhoon is a twin-engine, canard—delta wing, multi-ole brick brands 

fighter. It was designed originally as an ai superiority fighter and is o Fealures 2 self-adhesive sticker sheet 
manufactured by a consortium of Airbus, BAE Systems ond Leonardo. sar euthantic decoration 

One of the world’s most capable fighter aircraft, it possesses all the 7 

attributes that made the Spitfire so successful in combat ond is the most e inciudes a stand to show off your 
effective ait defence fighter to ever serve with the RAF. handy work. 
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